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Seeing my overseas 
representatives at regular intervals is a * must ’ 
in my business. One way is annual meetings 
in the Head Office. But this is expensive and 
means that all my branch offices are under- 
manned at the same time. 

My way is different : I go out into the field and 
visit my people in their normal business 
habitats, so to speak. Fine, fast: Speedbird 
service makes this possible. I notify my men 
when to expect me, arrange a bdoking through 
my local B.O.A.C. Appointed Agent — and 
off 1 go! I save time and money, meet all the 
people I should, and really learn lots more 


about my business. 


Head Office meetings 


?? 


Wherever your branch offices may be located, 
you can probably do the same thing because 
150,000 miles of B.O.A.C. air routes link five 
continents and forty-two countries. Remember 
too, wherever you fly by Speedbird, you can ex- 
pect the same high standard “|| | tt 

of efficiency, courtesy and — 
It’s all 


part of B.O.A.C.’s 30-year- 


passenger comfort. 


old tradition of Speedbird 


service and experience. 


GREAT BRITAIN * USA * BERMUDA * CANADA 
MIDDLE EAST * WEST AFRICA * EAST AFRICA 
SOUTH AFRICA * PAKISTAN * INDIA * CEYLON 
AUSTRALIA * NEW ZEALAND * FAR EAST * JAPAN 


B.O.A.C. TAKES GOOD CARE OF YOU 


BRITISH OVERSEAS AIRWAYS CORPORATION 


IN ASSOCIATION WITH Q.E.A., S.A.AL AND T.E.A.L. 
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ROYAL AERONAUTICAL SOCIETY 
DATA SHEETS 


ON 


AERODYNAMICS 
AND 
STRESSED SKIN 


STRUCTURES 


USE IN 


AERONAUTICAL 
DESIGN AND © 


DRAWING OFFICES 


WRITE FOR FULL PARTICULARS 
4 HAMILTON PLACE, LONDON, WI 
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WORLD-WIDE AUTHORITIES... 


FLIGHT (weekly) provides the most authentic 
information on world aeronautical affairs. It 
covers every aspect of development and progress in 
aircraft and power unit design and operation. 
AIRCRAFT PRODUCTION (monthly) is the journal of 
the aircraft manufacturing industry, specialising in 
tools and works production processes. The editorial 
staffs of each journal are experts in their own 
particular sphere, with unrivalled bat 
experience and resources. Both 
journals serve the interests of all 
concerned with the future progress of 
British Aviation. Technical informa- 


DORSET HOUSE, STAMFORD STR ; 


ASSOCIATED 


ILIFFE 


PUBLICATIONS 


ON DESIGN, 
OPERATION & PRODUCTION OF ALL TYPES OF AIRCRAFT 


tion is supplemented by brilliant functional drawings 


Circulation is world-wide. Annual subscriptions 
(Home and Overseas) FLIGHT £3.1.0, AIRCRAFT 
PRODUCTION £1.14.6. 

Published in conjunction with these journals. 
FLIGHT HANDBOOK (212 pages, 7/6 net) is essentially 
a manual for the student, whilst GAS TURBINES AND 


Jet PROPULSION (272 pages, 12/6 net) by G. Geoffrey 


Smith, has been widely adopted as 
the standard textbook the 
subject by Universities, Technical 
Institutions and Tiaining Centres 
everywhere. 


NSE. WATERLOO 3333 (60 LINES) 
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HIGH SPEED RERUELLING IN MID-AIR 


900 GALLONS IN 8& MINUTES 


Flight refuelling over the North Atlantic. A freighter being supplied at night. 


VICKERS TYPE ‘P’ COCK 


This well-known Vickers aircraft accessory has proved its 
reliability in passenger service over thousands of miles. 
Flight Refuelling Limited rely on the type ‘P’ cock for regu- 
lating the fuel flow for mid-air refuelling operation. The 
transfer of hundreds of gallons of fuel from plane to plane 


ings There is a Vickers fuel cock for every in a matter of minutes is an exacting process demanding 
— industrial use. Full data on request. faultless performance from faultlessequipment. Vickers‘ P’ 
Available in 15 sizes—}” to 3” B.S.P. 
cocks are also specified by De Havilland for the D.H.108 
rnals. Electrically actuated version available and are fitted to engines made by Rolls-Royce and by Napier 
tially 
AND 
yes VICKERS ARMSTRONGS LIMITED 
the 
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AIRCRAFT DIVISION: WEYBRIDGE WORKS +: SURREY 
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Australia’s International Airline pro- 
vides complete modern facilities for 
Air Travel, Air Mail and Air Cargo. 


@® SYDNEY—LONDON 
via Singapore, India, Egypt 
... ‘Kangaroo’ Service by 
Constellation. 


@ SYDNEY—NEW GUINEA 

Bird of Paradise Service, by D.C3 Air- 
liner . . . Sydney—Northern Queensland 
Airports—New Guinea—Rabaul. 


@ INLAND SERVICES 
Brisbane—Western Queensland Airports 
—Darwin, by Douglas Airliner. 


@ ISLAND SERVICES 
Sydney—Norfolk Island, Sydney— 
Noumea—Suva. 

Sydney—Lord Howe Island. 


@ SYDNEY—AUCKLAND 
Trans-Tasman Service (with T.E.A.L.) 


Full details 
from leading travel agents, or , 


0-E-A and B-0-A-C 


ww 
QANTAS EMPIRE AIRWAYS in parallel with 
BRITISH OVERSEAS AIRWAYS CORPORATION 
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* Photographic Surveying ‘| 


By B. B. Talley and Paul H. Robins. A sound guide to the use of the 
camera and to the principles of map development and photographic inter- 
pretation. Illustrated. 24/- net. 


A Aircraft Radio and Electrical 


Equipment 
Se lection By Howard K. Morgan, Superintendent of Communications, Transconti- 


nental and Western Air, Inc. A book by a leading American expert, giving 
detailed information on up-to-date equipment. With over 200 illustrations. 


from 
e 
Aircraft Materials and Processes 
PITM AN’S By George F. Titterton. The information in this book is based on American 
experience in the use of metal alloys and other materials, and is essential 
for everyone concerned with aircraft design and manufacture. Illustrated. 
25/- net. Second Edition. 


Precision Measurement 


e Methods and Formule 
technical By Jack Johnson. A _ useful book, primarily for tool inspectors, showing 


how to use simple set-ups combined with mathematical formule for solving 
difficult problems of precision measurement. Numerous diagrams. 16/- net. 


list Aircraft Engines of the World, 1948 


By Paul H. Wilkinson. An important reference work on engines, fuels 
and lubricants, covering 12 countries, and including many jet and turbine 
engines. 142 full-page illustrations. 50/- net. 


extensive 


PITMAN, Parker Street, Kingsway, London, WC2 J 


contributions 
to °pay-load’ 
and satety 
*“FLEXELITE’ 
The new LIGHT WEIGHT LIGHT ALLOY 
FLEXIBLE FUEL TANK HEAT EXCHANGERS 


of SYNTHETIC RUBBER COOLERS, INTERCOOLERS 
and NYLON FABRIC. RADIATORS, etc., ete. 


Fullest co-operation and advice from our Development Departments 


MARSTON EXCELSIOR LTD 


(A subsidiary company of Imperial Chemical Industries Ltd.) 
WOLVERHAMPTON (TEL. FORDHOUSES 2181) AND LEEDS 


MAR.S1a 
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CORRESPONDENCE COURSES 


in all branches of Aeronautical Engineering and ancillary subjects 


HE British Institute of Engineering 

Technology, established 21 years as 
the leading Institute of its kind in the 
world, offers a wide range of reliable and 
authoritative Home-Study Courses in all 
branches of Aeronautical Engineering and 
ancillary subjects. 


Special Examination Courses are available for 
A.F.R.AeS., A.R.B. Certificates, Pilot's B 
Licence, Flight Air Navigator’s Certificates, 
B.Sc., A.M.I.Mech.E., A.M.LE.E., CITY AND 
GUILDS, etc. Diploma Courses include 
General Aeronautical Engineering, Advanced 
Aeronautical Engineering, Aero Engine Design, 
Meteorology, Metallurgy, Pure and Applied 
Mathematics, Mechanics, Aerodynamics, etc. 


B.I.E.T. Students have been consistently 
successful at the Royal Aeronautical Society 
Examinations and have gained many first places, 


All necessary textbooks (which remain the 
property of the Student) are provided by the 
Institute and Students are enrolled under the 
terms of a “* NO PASS—NO FEE ” Guarantee. 


If you would like full details of B.LE.T. 
tuition, send for a free copy of our 108-page 
prospectus “ ENGINEERING OPPORTUNI- 
TIES ” and mention the subject or examination 
in which you are particularly interested. 


Branches in Washington, Toronto, 

Johannesburg, Sydney, Bombay, 

Cairo, Jerusalem, Colombo, Delft, 
Antwerp, etc. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
847 Shakespeare House, 17/19 Stratford Place, London, W1 


FOR WELDED PLANT 


“Staybrite’’ F.D.P. Steel-18% Chromium/ 
8°, Nickel type, stabilised with Titanium, 
intercrystalline 


and fully resistant to 
corrosion without post-welding heat 
treatment. 


This steel conforms to the following 
specifications :— 

D.T.D.—166.B, 171.B, 176.A, 189, 571. 
B.S.S.—En.58, V.27. 
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THE MASTERPIECE 


C-C- WAKEFIELD & CO - LTD 


IN OILS... 


GROSVENOR STREET 


LONDON 
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Uncertainty about steels is one of the designer’s bugbears. The doubts about 
inclusions—the doubts about the regularity of physical and mechanical pro- 
perties—fears about transverse and longitudinal fatigue resistance and so on. 
The specifying of Firth Brown Steels gives the greatest measure of security 
and removes the doubts and fears. In these steels you can rely on perfect 
homogeneity, cleanliness and the regularity of stated properties. 


Issued by Thos. Firth & John Brown Ltd., SHEFFIELD 
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THE ROYAL AERONAUTICAL SOCIETY 


PAPERS FOR THE JOURNAL 


The Council have set aside an annual sum of £250 for the award of premiums for papers 
published in the JOURNAL. Both members and non-members are invited to contribute 
original papers on their own special subjects. The following notes on the preparation of 
papers for the JOURNAL are given to assist contributors : — 

COPY RIGHT 

The copyright of every paper printed in the JOURNAL shall be the property of Aerial 
Science Limited. If the author makes use of copyright material in his paper or information 
obtained by reason of his employment or otherwise, he must state clearly in his covering 
letter, or in the paper, that consent has been given for the use of such material. 
MANUSCRIPTS 

Papers must be in English, in the third person, and typed on one side of the paper 
only, with double spacing and wide margins. When submitted they must be in their final 
form for publication. Only typographical errors may be corrected in proofs. Titles of 
papers should be brief. 

Where practicable, a summary of not more than 250 words should be given at the 
beginning of the paper, giving its scope and conclusions. 

All references should be numbered in the text where they occur, and the complete list of 
references given at the end of the manuscript. These references will be published at the 
end of the text. Footnotes should be numbered consecutively. Tables should be kept as 
concise as possible. 


ILLUSTRATIONS 

Illustrations must be drawn so that they will reduce to column or two-column width, 
that is to 23 or 54 inches. Full page illustrations must reduce to 54 inches by 8 inches. 
All drawings must be in black ink on white paper or tracing cloth. 

Lettering and figures on drawings must be in pencil only. Drawings should be posted 
flat or rolled. 

Photographs should not be less than half plate in size and must be clear black and 
white glossy prints. 

Every drawing and photograph should have on the back its figure number and title. 


MATHEMATICS 

Only very simple symbols and formule should be typewritten. All others should be 
written carefully by hand in ink. Ample space for marking should be allowed above and 
below all equations. Greek letters should be designated by name in the margin. 

The difference between capital and lower-case letters should be clearly shown; care 
should be taken to avoid confusion between zero (0) and the letter 0, between the numeral 
one (1) and the letter 1, between alpha and a, kappa and k, mu and u, nu and vy, eta and n. 

All subscripts and exponents should be clearly marked, and dots, bars, and so on, 
over letters should be avoided as far as possible. 

Square roots of complicated expressions should be written with the exponent } rather 
than with the sign y. 

Complicated exponents and subscripts should be avoided. Any complicated expression 
that recurs frequently should be represented by a special symbol. 

Unless an abbreviation is one recognised as standard practice, both in this and other 
English-speaking countries, for example, b.h.p. for brake horse power, the meaning should 
be given in full on its first use. 
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GREATER FREEDOM FOR DESIGNERS 


still greater reliability in service! 


OR more than 25 years the world-tamous 

“Elektron”? Magnesium Alloys have given 
excellent service to the aircraft and engineer- 
ing industries. Now, a new magnesium- 
zirconium-zine casting alloy, ‘ Elektron” 
Alloy Z5Z, offers the following advantages: 
Mandatory tensile properties (for the first time 
in the history of light alloys), 


as cast heat-treated 


0.1°,, proof stress (t.s.i.) 7 8.5 
Ultimate tensile stress 

(cea) 43 15 
Elongation 5% 


= more 


Fatigue endurance (50 x 10° reversals) in 
notched and unnotched condition (complete 


elimination of notch effect) 


More uniform properties in all 
sections, remarkably little 
scatter between test bar and casting 
properties. due to almost com- 


plete absence of microporosity. 
Hence — greater freedom for the designer, 
fewer limitations in intricacy, and_ still 


greater reliability in service. 


scope with 


MAGNESIUM-ZIRCONIUM ALLOYS 


F. A. HUGHES & CO. LIMITED - BATH HOUSE PICCADILLY LONDON 
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The 762nd Lecture was read before the 
Royal Aeronautical Society on Thursday 
‘nd December 1948 at the Institution of 
Civil Engineers, Great George Street, 
London, S.W.1. Dr. H. Roxbee Cox, D.I.C., 
FR.Ae.S., F.L.Ae.S., President of the Society, 


PROBLEMS IN THE DEVELOPMENT OF 
A NEW AEROPLANE 
by 
George R. EDWARDS, M.B.E., B.Sc., F.R.Ae.S., A.M.[.Struct.E. 


introduced the Lecturer, Mr. George R. 
Edwards, M.B.E., B.Sc., -F.R.Ae.S., 
A.M.L.Struct.E., Chief Designer, Aircraft 
Section, at the Weybridge Works of Vickers- 
Armstrongs Ltd., and a Special Director of 
Vickers-Armstrongs Ltd. 


INTRODUCTION. 


THE title of this paper clearly has a wide 
scope. None will dispute the presence of 
many problems in aircraft development. It 
was suggested in the first place that this paper 
might take the form of a description of the 
workings of a chief designer’s mind when a 
new aeroplane is conceived. Such a paper 
would deal largely with technical consider- 
ations, such as choice of engines, wing 
lading, plan form and so on. 
The diversity of uses to which the modern 
1eroplane is put gives rise to great differences 
‘tween types. A jet fighter, for example, 
wll be influenced by considerations far 
rmoved from those controlling the design 
ifa long-range civil transport. To attempt 
0 cover in detail such a wide field would 
result in an encyclopedia rather than a paper; 
0 tackle it in general terms would beget a 
‘aueness lamentably devoid of interest. 
Therefore, it has been thought wiser to 
attempt an assessment of some of the more 
undamental problems confronting aviation. 
‘uggestions for their solution are offered, 
with the emphasis on the designer’s share of 
the responsibility for their existence and his 
‘ontribution towards their solution, At this 
Point the author wishes to emphasise that any 
ipinions expressed in this paper are his own 
ind do not necessarily represent the views 
ofhis Company. 


PART I 


Chief among present-day problems is the 
high development cost of a new aircraft, It 
is one which causes grave concern in the 
Aircraft Industry and among all concerned 
with aviation. Modern aircraft have now 
become so complicated that the stage between 
the inception of a new design and the final 
acceptance trials has become both lengthy 
and expensive. This has not always been so. 
The generation of aircraft preceding that with 
which the armed forces and civil operators 
were equipped at the outbreak of the last 
war was much less complex. In those days 
the time between basic design and accep- 
tance, in general, would be measured in 
months. 

The position nowadays is very different. 
The units of time have become years instead 
of months and the money expended before a 
single production aircraft leaves the assembly 
line can be measured in terms of millions of 
pounds. This phenomenal increase, while 
partly the natural result of greater com- 
plexity of design and equinment, derives 
largely from the develooment methods and 
procedure at present emoloyed. The need, 
therefore, for research into ways and means 
of reducing this expenditure of time and 
money assumes paramount importance. 

The object of this lecture then is twofold. 
First, it is intended to probe into the causes 
of the present situation and to assess some 
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Fig. 1. 
Price. 


of the problems involved. Second, it is 
hoped to offer some constructive suggestions 
as a contribution towards a reduction of these 
heavy commitments. Some of the facts will 
be familiar to many members of the Industry 
and others, but in the interests of unity, it 
has been thought expedient to present a fairly 
complete picture. 

Before going on to outline some of the 
salient problems, it may be worth while to 
examine in a little more detail prices and 
costs relating to some recently evolved 
aircraft. 


SELLING PRICE 


In the curves shown in Fig, 1 the selling 
prices of the various aircraft are comparable 
in all cases, and include the cost of engines, 
radio and equipment. Most of these aircraft 
have been granted operating certificates and 
are now on regular airline routes. These 
curves show that the selling price of the air- 
craft varies very nearly directly as the all-up 
weight. 

It will be seen that costs of £2 10s. to £3 
per Ib. of gross weight are representative of 
modern civil aircraft, and are reasonably 
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constant for all sizes. The cost of production 
for larger types, for which figures are not 
available, would probably show a reduction. 


DEVELOPMENT COSTS 


Figure 2 shows that the development cost, 
as assessed by Mr. Peter Masefield,* also 
increases approximately directly with all-up 
weight, and appears to amount to £30-to £35 
per Ib. of gross weight. The cost of pro- 
duction tooling will vary greatly with the 
quantity planned. Based on current orders 
of from 100-300 aircraft, the figure of £10 
per lb. of gross weight put forward by Mr. 
Masefield is a reasonable one. Expenditure 
of £40-£45 per Ib. of gross weight has there- 
fore to be faced, before production of the first 
series aeroplane can begin. A manufacturer 
hoping to build a new aeroplane of some 
100,000 Ib. all-up weight is therefore con- 
fronted with an outlay of at least £4,000,000. 
Stock and materials in hand will add yet 
another commitment. 


*MASEFIELD, P. G., M.A., F.R.AeS.. M.LAeS. 
Some economic factors in civil aviation—Fourth 
British Commonwealth and Empire Lecture. 
JourNAL R.Ae.S., Oct. 1948. 
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Development costs. 


THE CONVAIR-LINER 


The Convair-liner is a modern aircraft 
produced under these conditions. It is of 
interest to note the views of the makers on 
this situation. Mr. I. M. Laddon, late 
Executive Vice-President of the Consolidated 
Vultee Aircraft Corporation, in an article in 
Aero Digest,* throws some light on this 
particular subject when analysing the 
development costs of the Convair-liner. 

A new transport aircraft, he states, 
“requires a heavy expenditure for research, 
4 substantial investment in tooling and 
material procurement and a sizeable outlay 
for hiring and training a production force. 
In view of the risks,” he continues, “the 
opportunities for profit . are so limited, 
that the business judgment of any company 
undertaking such a project . . . may be 
‘riously questioned.” 


THE “BREAK-EVEN ” FIGURE 


In support of his statement Mr. Laddon 
quotes for the Convair-liner a development 
cost of between 11 and 13 million dollars. 


‘Lappon, I. M. Commercial transport trends. 
Aero Digest, March 1948. 


This figure includes design, mock-up, build- 
ing the prototype and tooling for production. 
In addition, an inventory of materials and 
work in progress amounted to a further 30 
to 32 million dollars. This adds up to a total 
expenditure of 41 to 45 million dollars before 
starting deliveries. With this figure in mind, 
he estimates that sales of 400 aircraft would 
be required before the constructor reached 
the “break-even” point and recovered his 
outlay. The likelihood of achieving this 
figure, when the total world capacity for this 
type of aircraft is considered, is clearly 
remote. 


The effect of development and tooling costs 
on total expenditure, then, is an indication 
of the vast sums which have to be spent 
before a single production aircraft is built. 
This in turn is reflected in the large number 
of production aircraft which must be pro- 
duced before the manufacturer can hope to 
“break even.” In point of fact, aircraft with 
established reputations giving valuable and 
efficient service on the world’s airlines are 
causing their manufacturers heavy losses. 

The American Aircraft Industry, in 1946 
and 1947, in fact, did incur heavy operating 
losses, with barely a single manufacturer on 
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the right side. Thus, the manufacturer is 
virtually subsidising the operator by absorb- 
ing a large proportion of the development 
costs himself, unless his production order 
equals or exceeds the “break-even” figure, 
an eventuality which is the exception rather 
than the rule. 


WORLD MARKET SATURATION 


The relation between this “break-even” 
figure and the capacity of the world market 
is a pertinent one. It may well be that the 
time will come when the market cannot 
absorb sufficiently large numbers of aircraft 
to enable the manufacturers jointly to cover 
their expenditure. The consequences of this 


have already become apparent in the 
United States, where operators, manu- 
facturers and government departments 


greatly over-estimated the air-mindedness of 
the general public when planning the con- 
version from war to peace in 1945. As a 
result, both scheduled and non-scheduled 
Operators have been clamouring for an 
increase in air mail rates, revising their routes 
and operational frequencies and cancelling or 
reducing their orders for new aircraft. 


DESIGN AND DEVELOPMENT 
CONTRACTS 


The foregoing serves to indicate that the 
risk entailed in developing a new aircraft can 
no longer be borne solely by the manu- 
facturer. A policy by means of which the 
government places a contract with the 
manufacturer for design and development has 
much to recommend it. This principle is 
applied in this country both for military types 
and for aircraft required by the national 
airline corporations. In America, while it 
concerns only military aircraft at present, 
there is evidence that similar conditions may 
apply in certain civil ranges in the near future. 
A bill has been presented to the United 
States Senate authorising state financing of 
civil prototypes. 

The need for reducing development costs 
remains. Aviation must be self-supporting, 
and the state financing of this development in 
no way relieves all concerned from doing 
everything in their power to carry out 
economies consistent with the production of 
efficient aircraft. 

It appears that any opportunities for 
improving the situation will lie in two 
directions. Firstly there is the need to reduce 
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complication in design and equipment, 
secondly the necessity for revising present 
ideas on development procedure. It will also 
be acknowledged that both the Industry and 
the customers are jointly involved. 


COMPLEX EQUIPMENT 


Let us examine first the problem of com- 
plexity. It is fully realised that for high- 
performance military aircraft little can be 
done on this score. Such aircraft depend for 
their existence upon every available refine- 
ment that will help to increase performance 
and operational efficiency. The field of civil 
and medium-performance military aircraft, 
however, offers many possibilities. The 
trouble seems to lie in the availability of so 
many refinements. One-time luxuries become 
regarded as necessities. In their enthusiasm 
for the multiplicity of gadgets at their dis- 
posal, people are apt to forget the classic 
injunction to “simplicate and add more light- 
ness.” 

The chief business of civil aviation the 
world over is to pay its way. It must ensure, 
therefore, that it does not make its aircraft 
less efficient than they could be. Improvement 
in overall economic efficiency is the yardstick. 
In general, aerodynamic and structural effi- 
ciency, plus low fuel consumption, are worth 
a lot of trouble to achieve. A low-drag light 
aircraft will have less need of “dodges” and 
devices to improve, for example, its single- 
engine cut performance than a “dirty,” heavy 
one. Such devices only bring in their train 
further “bits and pieces” to ensure that the 
devices themselves do not function at the 
wrong moment, Concentration on a good 
basic aeroplane, and less reliance on com- 
plications that “just get by,” is what is most 
needed. 

The question which operators and designers 
must ask themselves when considering an 
additional piece of equipment, is this. Is the 
eventual cost in lost serviceability caused by 
extra maintenance, worth the advantage 
gained in operational efficiency or, in the case 
of a civil transport, in increased business? 

A specific example within the author's own 
experience is the cabin heating system on the 
Vickers Viking. With a view to giving 
maximum passenger comfort, this was 
first fitted with a thermostatic control. 
Unfortunately. considerable trouble was 
experienced with the control gear, and it was 
decided eventually to substitute manual 
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control regulated by the steward. The avail- 
ability of the aircraft to carry fare-paying 
passengers was thereby increased, and one 
can scarcely believe that such a saving would 
be likely to be offset by a decline in bookings, 
simply because cabin comfort fell short of 
absolute perfection. 


THE CRAZE FOR AUTOMATICITY 


Many complications have been brought in 
with the object of relieving the pilot. But 
automatic operation usually brings in its train 
amass of indicators and warning lamps until 
cockpits nowadays tend to vie with Piccadilly 
Circus in the way of bright lights. It seems 
probable that the new equipment outweighs 
the relief intended, In time of war, when the 
average quality of pilots is necessarily low, 
automatic action is justified. In peacetime, 
particularly on scheduled airlines, one is 
entitled to expect pilots to be skilled enough 
to retain much of the control in their own 
hands. 

The Air Staff have recently decreed a 
limitation on the number of instruments and 
indicators visible by the pilot. These are to 
be confined to those showing conditions 
which it is in his power to rectify. This is a 
most encouraging move and is recommended 
for consideration by others. Figs. 3 and 4, 
contrasting the cockpits of the Viscount and 
the Tiger Moth, are offered, without com- 
ment, as a tailpiece to this argument. 


CONTRACT PROCEDURE 


Sufficient has been said on this subject to 
show that, in the long view, many compli- 
cations can defeat their own ends. Let us 
turn to the second problem, that of reducing 
development costs. It is proposed to deal 
first with conditions as affected by present 
routine procedure and secondly, to examine 
what contributions the Industry itself can 
make. 

The procedure with regard to government 
contracts in this country is, in general, as 
follows. A specification of the aircraft 
required is drawn up by the Ministry con- 
cerned, based on the requirements of the user, 
and is circulated to selected firms for the 
submission of tenders. Each manufacturer 
Prepares data and project drawings of his 
version and submits them to the Ministry, 
together with a time-scale and an estimate of 
costs. In due course the chosen version is 
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nominated and the lucky firm is ordered to 
produce a prototype. 

Sometimes, when the particular specifica- 
tion is for a very important aircraft, the 
Ministry will place orders for two or more 
prototypes with different firms to avoid 
having all its eggs in one basket. Although 
this is the usual procedure, it sometimes 
happens that an individual manufacturer 
conceives the idea of an aircraft which he 
feels would meet a certain need and he 
approaches the Ministries. Some useful air- 
craft have started life in this manner, 


CANCELLED AND REJECTED 
TENDERS 


So long as competition remains the spur 
to enterprise, rejected tenders are to be 
expected. The rejection of a type after the 
prototypes are finished, however, is very 
serious for a company. If the prototype is 
rejected because it is a bad aeroplane, then it 
is the company’s business to put its own 
house in order. 

Under a system of private enterprise, each 
firm must exist upon the merits of its own 
efforts. The ability of its design team to 
design better aeroplanes than their com- 
petitors is the biggest contribution towards 
this end. The resultant wastage of capacity, 
however unavoidable, has serious conse- 
quences. The firm whose prototype is 
discarded, after having its design and experi- 
mental capacity tied up for two or three 
years, will be in the unfortunate position of 
having no production order to follow. 


CANCELLED REQUIREMENTS 


It may happen that the authority who drew 
up the original requirement decides that the 
aircraft is now not wanted. Possibly the 
prescribed engines are now considered too 
advanced for the airframe. Perhaps special 
equipment has been altered in size and shape 
and no longer fits into the aircraft. Or a 
radical change in operational policy, aban- 
doning the original project, may have 


occurred between the date of inception of the 
requirement and that of the completion of the 
prototype. Whatever the cause, the results 
are equally serious to the constructor who, 
if he had fully met the specification, would 
have been justified in expecting a production 
order. 
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Tiger Moth cockpit. 


Viscount cockpit. 
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This problem should not arise if enough 
thought has been put into the drafting of the 
requirement. The skill with which this 
responsibility is discharged reflects the effi- 
ciency of those employed by the ministerial 
departments concerned. In the case of 
Director of Requirements, the author 
considers the efficiency with which Air 
Force officers serving there discharge 
their duties to be extraordinarily high, 
when one takes into account the short 
time they are allowed to spend on the job. 
It would be advantageous, however, if serving 
officers seconded to duties in D.O.R. could 
remain in their positions for at least five 
years, or longer if they are particularly suit- 
able. It takes at least a year or two to get 
used to conditions so different from the 
routine of squadron or regimental life, to 
train the mind in new techniques and to 
amass the knowledge required to make 
decisions of far-reaching implication. One of 
the most unfortunate effects of the existing 
system is that an officer is rarely able to see, 
during his term of office, the completion of 
the aeroplane for which he originally 
prepared the requirement. 

The task of forecasting conditions five or 
six years hence, for a military aircraft, is a 
formidable one, complicated as it is by the 
unknown policy and activities of potential 
enemies. The writer of a requirement for a 
civil aircraft is not embarrassed by the same 
major unknowns, and it would seem reason- 
able that he could forecast with a fair degree 
of certainty the conditions likely to obtain 
when the aeroplane becomes operational. 


WASTED CAPACITY 


There is a theoretical solution to the 
problem of wasted capacity, namely to build 
up an industry with twice as much design as 
productive capacity. This would make an 
allowance for fifty per cent. of “misfires.” 
Itis not a very practical solution, and we are 
still faced with the problem of keeping the 
time factor for design and development 
within limits acceptable to the manufacturers. 


_ There are a number of ways in which the 
individual constructor can guard against 
being “caught out” with a rejected tender. 
First, it is essential to build up a flexible 
design and experimental organisation which 
can cope with sudden changes of policy. 
Second, when dealing with a particular 
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tender, he must design an airframe readily 
adaptable to the accommodation of new 
equipment and a variety of engines. It is a 
good thing also, to complete the prototype at 
an early date. A wavering customer is often 
comforted by a piece of ironmongery—it 
helps him to make up his mind. 


THE CIVIL MARKET 


At the end of World War II, a number of 
constructors believed that a _ policy of 
alternate military and civil types might go 
some way towards solving the problems 
arising from the falling off of military 
tequirements. Such a policy, indeed, seemed 
to have much to recommend it. In theory it 
represents a satisfactory state of affairs, 
although some of us found that it was not 
devoid of pitfalls. If one authority had laid 
down the requirements for military and civil 
versions of the same basic type, it would have 
been simple. As conditions were, however 
(and still are), the divergence between the 
requirements of the two branches had to be 
experienced to be believed. One’s enthu- 
siasm for the civil market, in fact, was sorely 
tried, 

An apprenticeship in the civil market is 
well worth while. The constructor has to 
achieve a higher standard in certain fields 
than has previously been demanded for 
military aircraft. Maintenance, crew com- 
fort and general finish are examples. He 
learns that the changes which, during and 
succeeding the mock-up stage of a military 
aircraft, were painful enough, become even 
more so on a civil machine. He further finds 
out that two identical aeroplanes behave quite 
differently when one is given civil markings 
and the other military. Even the pilots fly 
the machines under different aerodynamic 
laws when they change the colour of their 
uniforms. Civil operators the world over 
have been insistent that constructors give 
them, the operators, exactly what they want 
and the fact that no two operators want the 
same things is not helpful. 

This problem might well be the subject of 
a separate paper by some representative of 
the Industry under the title “Problems of an 
Aircraft Constructor.” In it he would surely 
be pretty forceful on the subject of the 
stability of the civil market. Long-range 
planning is made a farce by sudden changes 
of policy and day-to-day work is completely 
upset by the apparent inability of the operator 
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to give clear-cut decisions on relatively small 
features. 

Anyone requiring confirmation of the state 
of affairs outlined above is referred to the 
Courtney Report on the Tudor. It lays con- 
siderable stress on the delay brought about 
by the operator’s insistence on the inclusion 
of inessential features not affecting the safety 
of the aircraft. Agreement at mock-up and 
other conferences was apparently no insur- 
ance against the operators’ changing their 
minds at a later date. Of the increase in 
all-up weight from 75,000 to 80,000 Ib., no 
less than 1,600 Ib., or nearly one third, was 
caused by modifications demanded for cabin 
furnishings alone, One is left with the feeling 
that the operator’s technical staff were com- 
pletely out of touch with the down-to-earth 
problems confronting the designer in the 
complicated business of building a modern 
aeroplane. The respect which the manu- 
facturer’s design team holds for its “opposite 
numbers” in the operator’s project branch 
will not endure in the face of protracted 
negotiations over the precise location of the 
drinking water glass or the colour of the 
lavatory door. 

It is the author’s opinion that the travelling 
public is by no means so fastidious over 
such details as operators would have us 
believe. Trains, buses, ships, and other forms 
of transport do not pander so scrupulously to 
the alleged whims of their passengers. A 
little overall efficiency reflected in reduced 
fares and increased safety would be of far 
greater value. 

In this connection, the remarks of Mr. 
N. E. Rowe, C.B.E., F.R.Ae.S.,* in his paper 
entitled “Problems Facing Civil Air Oper- 
ations,” are worthy of note. In it he says: 
“Cheap air transport can only be obtained 
by a marked reduction in all-up weight of 
aircraft per passenger. This is a much more 
direct and simple method than, for example, 
increasing speed to improve economy, since 
it may not be possible to use the speed to the 
best advantage. The most effective factor in 
design to this end is the reduction in structure 
weight, and, of course, in the weight of 
equipment and amenities which are specified 
by the operator as essential for safety and 
comfort.” (The italics are the present 
author’s.) 


*Rowe, N. E., C.BE., BSc, DLC., FiR-AeS. 
Problems facing civil air operations. JOURNAL 
R.Ae.S., Feb. 1948. 
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A further contributory cause of the 
ruinous costs and long delays which may be 
expected, arises from the protracted pre- 
operational trials now likely to be demanded 
by civil operators. Several “prototype” 
aircraft will apparently be required for these 
trials before a decision to place a production 
order is given. As these are all virtually 
“hand-made” aircraft the increase in pre- 
liminary costs rises sharply. Moreover, four 
or five machines built as prototypes have the 
same shortcomings as the true prototype and 
therefore do not fully represent the final 
product. 

Looming ahead, there is yet another 
debilitating factor in the complicated equation 
of aeronautical economics. That is the ten- 
year replacement plan now being talked of 
by civil operators. With little competition 
from rival airlines running more modern 
types, the national corporations are under no 
pressure to replace out-of-date transports 
earlier. An outcome of high costs itself, this 
policy completes a vicious circle which will 
eventually raise costs still further. 

In any case, the result from the manv- 
facturer’s point of view is _ unattractive. 
Having produced the handful of aircraft 
ordered, he must wait ten years before being 
able to submit another tender, and then with 
only a fifty per cent. chance of success. 
Consequently, unless he can sell his products 
abroad, he must find other work to do, or he 
will lose valuable technical staff and fail to 
keep in touch with advances in modern 
technique. 


EFFECT OF DELAYED 
DEVELOPMENT 


This long-drawn period of gestation 
required to produce a modern aeroplane 
imposes a heavy burden on the design and 
development facilities of the constructor. He 
is therefore extremely reluctant to embark 
upon an enterprise without a reasonable 
guarantee of a production order big enough 
to show a fair return for his efforts, always 
provided that the aircraft meets the specifi- 
cation. 

It will be seen that the gap in his 
production plan resulting from a cancelled 
requirement will be extremely difficult to fill 
since, with his technical resources absorbed 
by a heavy development programme for two 
or three years, he is left without a new type 
as an alternative. 
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PROBLEMS IN THE DEVELOPMENT OF A NEW AEROPLANE 


If the author appears to have laboured this 
point unduly, he must plead justification on 
the score of its paramount importance in 
relation to a consideration of the technical 
resources Of a manufacturing company, and 
therefore of its relevance to the subject of this 
paper. This gloomy picture has not been 
painted to enlist undue sympathy on behalf 
of the aircraft production industry, but to 
throw light upon some of the difficulties in 
the present situation. These obstacles must 
be removed or reduced if the Industry is to 
prosper. 


POLICY AND TRADITION 


Let us now consider the relationship 
between manufacturer and user when faced 
with the need for a new type, particularly as 
it affects a firm’s major policy. This policy 
isto a great extent governed by the tradition 
of the company. Most firms are wedded to 
some specific class of development, civil, 
military, small or large aircraft, flying boats 
and so on. This question of tradition is not 
merely a matter of sentiment, for the accumu- 
lated experience of years of specialisation has 
avery real value in its effect upon design and 
construction of a new machine. 


More tangible factors include the plant, 
factory equipment and obtainable trade 
labour, and limitations on size or perfor- 
mance which may be imposed by the 
buildings and the aerodrome facilities avail- 
able. It would not be difficult to find 
examples of unsatisfactory aircraft coming 
after a long line of successes, whose failure 
could be largely attributed to too drastic a 
break-away from the tradition of a long- 
established firm, 


As already mentioned, a member of the 
Lecture Committee has suggested that it 
would be of interest to examine the workings 
of a Chief Designer’s mind when first 
confronted with the necessity for a new 
aeroplane. Firstly then, his reactions will be 
influenced by the type of aircraft best suited 
to the production needs of the company at 
the time. If the firm’s production capacity is 
already fully occupied with a large order that 
will keev the shops busy for some time to 
come, he will be free to proceed with long- 
fange planning and embark on new projects. 
It frequently happens, however, that the 
Immediate need is for what might be termed 
a “bread-and-butter” type; one that, requir- 
ing a small amount of project work, will fill 


the shops at short notice. This relatively 
“safe,” uninspired type of aircraft, possessed 
of no great technical advance, keeps the 
factory busy and allows the designers more 
time to devote to future projects. 


MAJOR CONVERSIONS 


One of the most attractive types of “bread- 
and-butter” aircraft from the manufacturer’s 
point of view is a major conversion of an 
established type. It may be conveniently 
fitted into the assembly line of the basic type 
with relatively little disturbance, and with no 
more than minor modifications to existing 
jigs and tools. The aerodynamic features of 
such an aeroplane are generally preserved, 
thus saving a considerable slice of the 
development time which would be required 
on an entirely new type. 

Figure 5 shows the drawing office time in 
man-weeks per Ib. of light weight for a series 
of aircraft produced during the late war and 
since. The term light weight, in this case, 
denotes gross weight less fuel and payload or 
bombs. The upper curve is for aircraft of an 
entirely new design, the lower one for major 
conversions of an existing machine including 
the Lancaster, York, Lincoln and Valetta. 
The saving in design time is noteworthy. 


Figure 6 shows that the saving in lapsed 
time between the formulation of the require- 
ment and the start of production is also 
considerable. In a country so short of tech- 
nical resources as ours, every effort should 
be made to meet a new demand by means of 
a variation on an existing type, before 
launching forth on an expensive and 
unknown new design. 

Figure 7 shows the production significance 
of a major conversion. Man-hours for the 
first thirty aircraft of a basic type and a 
conversion of it indicate how the latter not 
only tends to “flatten out” sooner, but, 
equally important, also demonstrate that the 
same “know-how” reduces labour cost in the 
first batch of production aircraft. 

The design time up to first flight for the 
conversion was 120,000 man-hours. If it had 
been a fundamentally new type it would have 
been about 260,000 man-hours. A com- 
parison of flight-testing times is even more 
impressive. Against 360 hours for the 
original prototype, the conversion aeroplane’s 
test flights amounted to no more than 100 
hours, or little more than a quarter. 
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Time comparison between new types and conversions. 
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Thus, the great saving in development and 
production times attainable by the retention 
of a good basic type is sufficiently attractive 
to make it rank as one of the big solutions 
to the problem of the high development cost 
of entirely new types. It may well provide 
the answer to some of the other problems 
as well. 


MILITARY AND CIVIL 
REQUIREMENTS 


A major cause of the troubles experienced 
from official routine is the disparity between 
military and civil requirements. The cure is 
that civil aircraft should be derived from 
basic military types, the original specification 
being laid down by the Director of Require- 
ments, Air Ministry, advised by civil 
operators. A number of advantages would 
arise from such an arrangement. Chief 
among these, from the civil operator’s point 
of view, is the breaking-in period by the Air 
Force for a new type. The facilities for 
exhaustive trials in the service far exceed 
those available to civil operators. That 
essential process familiarly known as “getting 
the bugs out” of a new design would be 
completed, as far as the civil version is con- 
cerned, at the ante-natal stage. 

It is an indisputable fact that civil aircraft 
so far employed on the world’s airlines have 
always been preceded by long service in the 
Air Forces by a comparable type. In some 
cases, such as the DC-4 and Constellation, 
the military forerunner was practically the 
same aircraft. One of the chief difficulties 
confronting the civil operation of propeller 
turbines is the absence of previous military 
operation. 

The order of development suggested— 
military before civil—is also fitting, since the 
engineering of a military type will be more 
advanced than that for the more conservative 
air liner. Development costs are vastly 
reduced, for the civil counterpart requires 
little more than the attention needed by a 
major conversion. The effect would be a 
large reduction in over-all expenses, as a big 
portion of the development and tooling costs 
would be shared between the two types. 

While sometimes a successful military 
type has been evolved from a civil one, the 
reverse is more common, and this method 
has proved very successful in the United 
States of America where, as mentioned, a 
large number of civil “air liners have been 
derived from tried military aircraft. 
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DOVETAILING NEW AND 
CONVERSION TYPES 


It is the author’s opinion that the 
alternating of new and conversion types in 
the production programme also provides one 
of the most satisfactory contributions. the 
manufacturer himself can make towards q 
solution of current problems, They should 
be dovetailed in such a manner as to promote 
a smooth flow on the assembly line and at 
the same time give the Chief Designer 
periodic breathing spaces in which to con. 
centrate seriously on advanced types. 

It is not intended to imply that each new 
type should be limited to a single major 
conversion. A really sound basic type may 
be capable of producing several versions, 
both military and civil. First-class aero. 
planes come seldom enough to warrant their 
being discarded after they have satisfied their 
original purpose. 

It should not be inferred that the less 
glamorous conversion model may be starved 
of technical attention in the project and 
development stages. Nothing could be more 
fatal than neglect of this kind which, in fact, 
has been responsible in the past for the 
failure of aircraft which could have been 
highly successful conversions. 

The initial work on a conversion must be 
tackled with the same energy and given the 
same intensity of attention at high level as an 
entirely new type. But by reason of the data 
already accumulated from the parent type. 
and the experience gained in bringing it into 
being, the time required to be spent before 
it is passed out into the drawing office will 
be considerably shorter. Once there, it will 
require much less attention from the senior 
designers. 

A word of warning. Changes in external 
shape, disposition of control surfaces, and s0 
on, should be strongly resisted, unless there 
is definite evidence that the change will not 
be harmful. Virtues can so easily be trans- 
formed into vices. When the first test 
flights are concluded, great efforts should be 
made to get the aircraft into production, 
since, because of the greater rapidity with 
which such a type can be turned out, any 
delay is proportionately more costly. 


NEW DEVELOPMENTS 


New developments are essential to a firm's 
well being: the company cannot live by 
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“bread-and-butter” types alone. The inability 
of a board of directors to appreciate this is 
liable to be as fatal as lack of technical 
attention to conversion types by design 
leaders. It is no use building a succession of 
cheap, similar types if nobody wants to buy 
them. Moreover, new types are essential to 
the technical advancement of a firm for, with- 
out them, the soil becomes vitiated and the 
firm will surely die. This further supports 
the argument in favour of dovetailing new 
and conversion types, somewhat on the 
analogy of the rotation of crops. 


CONSULTATIONS ON FEASIBILITY 


When, in this country, a firm is invited to 
tender for a new type, the first action is to 
prepare a project design to suit the specifica- 
tion. It would be advantageous, in the 
author’s opinion, if, while drawing up the 
specification, selected firms in the Industry 
were consulted at an early stage in order to 
get their views on the feasibility of the 
project. This would give the firms the 
opportunity to submit designs in such a 
manner as to show the practicability of the 
requirement, and they could include an 
assessment of the chances of suitably modi- 
fying an existing type. 


FORECASTING REQUIREMENTS 


Clearly the Air Staff are confronted with 
some difficult crystal-gazing, since they are 
not in a position to say just what the 
designers can give them. They should be 
encouraged therefore to say what they hope 
to get, setting their usually high standard as a 
basis for discussion. The designers would 
be invited to show how near to that standard 
they could practicably approach in a given 
time. It is of supreme importance to con- 
sider the time scale in the early stages. 

In a case where a very tight time scale is 
given, all that can honestly be offered is a 
design based on the logical, ultimate exten- 
sion of our existing knowledge. The Air 
Staff should be advised that, in the allotted 
time, the performance which such a type can 
achieve is the best they can rely on getting, 
and the author believes the people best 
qualified to make that assessment are the 
designers themselves. It is they in the end 
who will have to make the aircraft work and 
the full effect of the practical problems 
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involved can best be appreciated by those 
whose daily business it is to solve them. 

In making the project for an advanced 
aircraft intended to be in production in five 
or six years’ time, the designer has two major 
unknowns with which to contend: the 
advance in the art of design that will occur 
during that time—particularly in the first 
half of it; and the development of a suitable 
power plant. 

The first of these is a double-edged 
weapon. On the one hand, a chance taken 
may let him down; on the other, unexpected 
development may render the aircraft obsolete 
before even the prototype flies. The 
designer’s only guide in problems of this kind 
is his own judgment. 


ENGINE DEVELOPMENT 


The present state of gas turbine engine 
development makes it difficult to assess future 
events. Present experience is largely con- 
fined to centrifugal types, and medium 
performance civil and military aircraft may 
well continue to be powered by them. The 
higher compression ratio and smaller frontal 
area associated with the axial compressor 
will make it the future engine for high- 
performance types, particularly where buried 
installations are feasible. Changes in shape 
and size are of importance where installations 
are buried in the wing. The author would 
make a plea for a long-term limitation in size 
change so that the engine bays in buried 
installations can be designed to accommo- 
date all types of engines which may be fitted 
during the life of the aircraft. In short, a 
little of the “tailor-making” we were once so 
freely promised. 


In order to attain optimum power loading 
when the aircraft has reached the operational 
stage, it may be safer to under-power it in 
the original project. Thus the declared power 
would be based on an engine certain to be 
ready for the prototype, rather than on a 
higher-powered projected engine which may 
not, after all, materialise in time. 

The author’s experience on the develop- 
ment of the 1,000 h.p. propeller-turbine series 
has convinced him of the need to keep the 
installation as fluid as possible. This is 


relatively easy with conventional external 
power plants but, as stated above, will require 
the maximum of co-operation from engine 
designers with power plants of the future. 
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INTERNAL ORGANISATION 


Professor Lickley, in his admirable lecture 
on the Evolution of the Design of an Aero- 
plane,* has described the major processes 
through which an embryo aircrait passes 
vefore it flies. It is not proposed to give a 
repetition of these here, but in order to put 
forward the author’s ideas on how to produce 
efficient aircraft cheaply, it will be convenient 
to pursue a similar path. The object is to 
follow the aeroplane through its successive 
development stages, and in so doing, to con- 
sider its relation to the various departments 
concerned, 

Efficient organisation within the firm is the 
key to the efficient development of an 
individual aircraft type. Only by effectively 
deploying the firm’s design and experimental 
capacity can one hope to reduce time and 
cost in turning out a new product. Sheer 
design ability is obviously the basic necessity, 
but it can achieve little without the right 
organisation to support it. 

By far the biggest contribution a manu- 
facturer can make towards cutting costs is 
sometimes overlooked. That is: getting the 
aeroplane right the first time. This simple 
principle applies equally to each successive 
stage in its development, which is why it is 
impossible to divorce the progress of an 
individual type from the departmental set-up 
within the firm. 

The concluding portion of this paper, while 
following the development stages of a new 
type, will present the author’s ideas on how 
the various departments should be run in 
order to develop the aircraft as efficiently and 
cheaply as possible. 

A word first on efficiency and cheapness. 
It should be emphasised that speed must not 
be achieved at the expense of efficiency. The 
worst thing that can happen is for accelerated 
development to bring in its train a protracted 
series of troubles which arise as soon as an 
aircraft is introduced into service. Undue 
haste which defeats its own ends must be 
strenuously avoided. During the recent war 
there were instances of military aircraft, with 
short design time, having a protracted pre- 
operational period in the Service. However, 
there can be no danger from accelerating the 
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actual building of the prototype once the 
design is settled. 


SPECIAL CONSIDERATIONS AT 
PROJECT STAGE 


Let us start by assuming that the designer 
of a manufacturing company is faced with 
the problem of beginning work on an entirely 
new type, details of which have been laid 
down by the Ministry concerned, and which, 
by virtue of its advanced nature, cannot be 
produced as a conversion. When examining 
the original requirement he has to decide 
whether special emphasis should be placed 
on any particular feature or aspect of the 
aircraft. With a military aircraft, for 
example, dependent for its safety upon 
speed, manceuvrability and ceiling, _per- 
formance must come first, since performance 
is its greatest guarantee of safety. Allied to 
performance is its ability to complete its 
mission. The prime purpose of a bomber, 
for instance, is to get to its target, locate it 
accurately, bomb it accurately and return 
home safely. The design staff, therefore, 
must weigh carefully the effect on perfor- 
mance of any alleged safety device, additional 
armament or other equipment, since such 
devices may defeat their own ends by impair- 
ing performance. 

The practical nature of the problem must 
always be kept in view. Therefore it is 
inadvisable to embody too many untried 
features in a single new design. Careful con- 
sideration must be given to the efficient 
installation of such equipment as is essential 
to the operational function of the aircraft. 
The pilot’s view, the position of scanners, the 
ability to operate from standard airfields, 
are examples of basic considerations some- 
times overlooked or skimped because of 
innovations which may tend to obscure 
fundamental needs. 


PROJECT OFFICE 


The first stage in preparing the tender, 
which will occupy some six months, takes 
place in the project office and is concerned 
chiefly with the basic characteristics of the 
aircraft. Two or three project engineers, 
under the close direction of the Chief 
Designer and his assistants, deal with the 
question of fulfilling the required perfor- 
mance figures and investigate all aspects of 
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the aeroplane’s aerodynamic features. At 
the same time a summary of the estimated 
weights of components must be taken into 
account, as well as the general question of 
available space, disposition of crew, equip- 
ment and service loads. 

This is the stage at which a Chief Designer 
must be prepared to make firm decisions. 
There is generally a great variety of methods 
by which certain requirements may be met 
and it is not always possible to decide 
positively which is the most effective until 
the project design has reached a fairly 
advanced stage. The designer who fritters 
away time and technical resources in a search 
for perfection, exploring a large number of 
avenues that turn out to be blind alleys, is 
heading for trouble. The example of German 
project methods as exemplified by the 
Messerschmitt organisation is a case in point. 
There, up to 1,000 combinations based on 
20 variations of a project were considered. 
It is here that sound judgment is required; 
two or three alternatives at most may be 
considered at this early stage and the sooner 
they are reduced to one, the better. 

The second project stage involves a review 
of structural methods to be employed and a 
more detailed consideration of the disposition 
of crew and equipment. Careful thought 
must be given to such items as the pilot’s 
view, the engine installation, the location of 
fuel tanks, radio and radar and, in a military 
aircraft, the bomb aimer’s view and the 
installation of armament. The arrangement 
of the undercarriage and its control must 
also be worked out. 


CALLING IN THE SPECIALISTS 


It is of the utmost importance at this stage 
to call in the various experts on armament, 
electrics, hydraulics and so forth to ensure 
that all components and systems get a fair 
deal from the start; for example, adequate 
space for, and accessibility of, pipe runs. It 
is too high a price to pay for a fair line on 
the engine bay, for instance, if for the rest 
of the aircraft’s useful life, maintenance crews 
are condemned to dismantle the power plant 
every time there is need to inspect a filter. A 
little care at this stage will save thousands of 
man-hours during the course of operational 
service. In addition to consulting specialists 
within the firm’s own design organisation, it 
will be essential at this stage to discuss all 
problems of special equipment and oper- 
ational features with the experts from the 


Government research establishments and 
Ministry departments. 

At the same time, a warning should be 
sounded against overdoing things, and a firm 
stand must be taken against too detailed an 
investigation at this time. Otherwise the 
Chief Designer is likely to find he needs a 
larger project office than drawing office. It 
is again a question of relying on his judgment 
as to where to draw the line. 


DESIGN CONSIDERATIONS 


As mentioned at the beginning of this 
lecture, no serious attempt can be made to 
analyse the technical considerations which 
dictate the design of an aircraft. It is felt, 
however, that at this stage a brief review of 
the basic design considerations of one type 
with which the author is familiar would not 
be out of place. They are fairly represen- 
tative of the usual processes through which 
a design passes in the early stages, although 
they are necessarily biased in favour of this 
particular type. 

The machine was required to carry 32 
passengers and their luggage at a cruising 
speed of 240 knots (276 m.p.h.) over a still-air 
range of 900 nautical miles. Full I.C.A.O. 
standard was required in conjunction with an 
aerodrome length of 1,600 yards. Propeller- 
turbines were the prescribed power unit. 
Fig. 8 shows a general arrangement of the 
aircraft. 

Taking the outside shape first, the wing 
area, aspect ratio and plan form, together 
with the type of flaps used, were dictated by 
a compromise between the aerodrome size 
and the optimum performance in cruising 
flight. The large flaps and a relatively small 
wing were proved to be more efficient than 
normal flaps and an increased wing area. 
The span was largely determined by the 
fuselage diameter plus four propeller discs, 
bearing in mind that no large overlap between 
inners and outers is permissible and that an 
adequate propeller clearance at the fuselage 
must be achieved in order to preserve low 
noise level. 

The choice of propeller diameter and 
reduction gear ratio was influenced by the 
maintenance of a low cruising tip speed 
(600 ft./sec.) from noise considerations, 
although it was achieved at the expense of a 
relatively low thrust per horse-power for 
take-off. The position of the outboard engine 
and its subsequent effect unon plan form was 
influenced by considerations of the offset 
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torque in the outboard engine-cut case, and 
the necessity to keep the ailerons clear of the 
slipstream. 

The tip speed problem is inherent in single 
shaft propeller-turbines with their cruising 
rp.m. at 90 to 95 per cent, of the 
take-off r.p.m. 

The size and shape of the body were 
dictated by :— 

1. The accommodation for 32 passengers 

and their luggage. 

2. The provision of a good pilot’s view. 

3. Adequate ground clearance for a tail- 
down approach. 


For this size of aeroplane, low wing 
junction was chosen to ensure a smooth cabin 
floor, and incidentally, to provide the shortest 
undercarriage possible with the chosen pro- 
peller diameter. This also enables the aircraft 
services to be housed outside the passenger 
cabin and provides increased safety under 
ditching conditions. 

The usual difficulties which are normally 
expected to occur at the junction of a circular 
fuselage and a low wing were subsequently 
resolved in the wind tunnel by the use of 
fairly large rear fillets and a small nose fillet. 
The high cruising speed also enabled the 
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wing to be set at a relatively small angle to 
the fuselage. 

The relation between the wing, body and 
tall was decided by a consideration of the 
centre of gravity position and the required 
longitudinal stability. Because of the long 
overhung nacelles and the large fuselage, the 
aerodynamic centre had succeeded in moving 
forward, almost to the leading edge of the 
wing. This necessitated a large tail and 
encouraged every effort to keep the centre of 
gravity of the aircraft forward and to restrict 
t0 a minimum C.G. movements caused by 
joad variations. The interior layout with its 
central pantry and two lavatories was a factor 
in achieving this. 

Universal difficulties in obtaining satis- 
factory stability and elevator control with 
tailplanes in the slipstream made _ this 
particular design team very cautious in the 
vertical disposition of the tail. The outcome 
was to raise the tailplane by sweeping up the 
fuelage and employing dihedral until the 
tailplane was clear of the slipstream and high 
in the downwash. A predicted gain of 0.1 
§.M.C. in the allowable aft C.G. position was 
attained by the addition of the dihedral 
alone. This also kept the tail clear of the 
area of bad flow at the extremities of the 
flaps when in the fully down position. 

The long overhung nacelles are a feature 
of small diameter, close-cowled propeller- 
turbine power plants. The accessories have 
to be mounted behind the engine instead of 
around it, and the clearance of the jet pipe 
from the wing structure is also contributory 
tothe nacelle length. A short curved jet pipe 
was chosen, in preference to a straight pipe 
tunning through the wing, on consideration of 
the fol: owing : — 


1. Fire risk. 

Loss of power due to the large pipe. 
Undercarriage problems. 

Noise level. 

5. Structural difficulty in the wing. 


The undercarriage problem in (3) was at 
first resolved by an undercarriage retracting 
sideways into the fuselage, but, because of the 
large hole cut in the pressure cabin wing 
intersection by the twin wheels, this was 
abandoned in favour of a conventional fore- 
and-aft chassis. The tricycle undercarriage 
Was fitted with nose-wheel steering, a feature 
considered essential in an aircraft of this type 
Powered by propeller-turbines. 
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Being a civil aircraft, the safety aspect was 
allowed to influence the whole design. In 
addition to a low wing loading and four 
engines, high-lift flaps, to give low landing 
speeds, were installed. The tricycle under- 
carriage was fitted with twin wheels and 
duplicated brakes, the paraffin was housed 
in crashproof tanks, and all the windows were 
made emergency exits. The elliptical shape 
of doors and windows required the minimum 
reinforcing in a pressure cabin. 

Choice of controls is mainly a matter of 
personal opinion and recent experience. This 
aircraft was small enough to control 
manually, and sealed balance ailerons and 
inset hinge type elevators and rudder were 
chosen. 

The size and shape of the body was 
dictated by the accommodation for 32 
passengers and their luggage, the provision of 
a good view for the pilot and ground clear- 
ance for a tail-down approach. Two large 
entrance doors were provided in the fuselage, 
one forward and one aft, allowing flexibility 
in internal layout without subsequent 
structural change. The propeller-turbines 
necessitated a pressure cabin; investigation 
into both circular and double-bubble cross 
sections ended in favour of the former. 

In order to allow unrestricted rate of climb 
and descent without discomfort, the aircraft 
was pressurised to 64 Ib./sq. in., the equiva- 
lent of 8,000 ft. cabin conditions at an actual 
altitude of 30,000 ft. This high pressure 
difference provides cabin heating adequate 
to meet arctic conditions without the use of 
combustion heaters. Refrigeration for sub- 
tropical conditions was provided by a 
turbo-expander. Temperature was controlled 
thermostatically. A generous supply of air, 
well distributed, obviates resorting to air 
re-circulation. 

The framing of the climb requirement in 
terms of the stalling speed undoubtedly lends 
weight to the need for high-lift flaps. It is 
fully appreciated that some types of high-lift 
flaps can completely offset this advantage by 
shallow gliding angles during the approach 
and long floating periods. Double-slotted 
flaps were chosen in this case, as wind tunnel 
tests indicated that they gave rise to greater 
drag than other high-lift devices, and the 
available information showed that the change 
of trim caused by lowering them was in fact 
extremely satisfactory. The need for high 
drag during the approach is undoubtedly 
justified in view of the high minimum 
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idling thrust obtainable on propeller-turbine 
engines. 

Maintenance was built into the aeroplane 
from the beginning. Since much electric 
power and equipment was essential for the 
radio and radar, this particular designer 
thought that it would be unfortunate to add 
other services employing different servicing 
technique and fluids, and therefore made it 
an all-electric aeroplane. The available heat 
in the exhaust gases was used to provide the 
source of thermal de-icing. 

The main structure was basically that 
employed on a previous aeroplane. There is 
no point in change for change’s sake, and the 
well tried single-spar, chordwise-former type 
of structure was considered to be the most 
efficient. Consideration was given to a skin- 
stringer combination but this was rejected for 
this relatively low wing loading. The top 
wing skin was pre-tensioned so that no 
buckling appears in flight conditions 
below Ig. 


SUBMITTING THE TENDER 

When this stage is completed, the firm will 
be in a position to submit the tender, with 
data and necessary project drawings, together 
with a time programme and a target date for 
prototype and first production aircraft. It 
will be evident that these two stages in pre- 
paring the project may overlap considerably 


No OF AIRCHAET 


NUMBER OF AIRCRAFT PRODUCED EACH MONTH 


and that investigations made at the second 
stage may reverse tentative decisions made 
in tne first. In particular this is true of weight 
summaries and the disposition of components 
or equipment as affecting the centre of 
gravity. In general, the process is much as 
described. 

The official submission of the tender will 
no doubt be followed by pessimistic forecasts 
prepared by the “vetting” groups of the 
government establishments. From these the 
designer will gather that his child is actually 
going to turn out rougher, heavier and lower 
than he could ever have believed—especially 
considering the nice parents it had. Since a 
pessimistic view of the performance can give 
rise to just as poor a choice of aircraft 
characteristics as will an optimistic one, there 
follows a period of considerable heart- 
searching, generally ending in a good old 
British compromise. 


PLANNING AND ESTIMATES 

When submitting his programme and 
target dates to the Ministry at this stage, the 
Chief Designer must begin by preparing an 
estimate of drawing office man-hours. It will 
also be necessary, in the tender, to relate 
delivery dates to the date of receipt of an 
order. 

Experience and records from previous 
types will form a basis for computation of 
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design work and it will be necessary to take 
into consideration the outstanding work from 
previous contracts which may still be on the 
drawing board. 

From such records, the designer will be in 
a position to prepare an estimate of drawing 
office man-hours for projected designs. It 
will be necessary to consider the relationship 
between man-hours and the all-up weight of 
the aircraft, and where past records do not 
correspond with projected types, considerable 
skill in judgment must be exercised. The 
increased complication induced by larger air- 
craft, for example, introduces unknown 
factors which make an estimate more difficult 
to assess. The upper portion of Fig. 9 gives, 
on a time basis, the sort of estimate which 
might be prepared. 

Figures 9 and 10 are intended to give a 
typical picture of the combined activities of 
an efficient organisation over a number of 
years, and are founded upon the same time- 
scale basis. The period covers two new 
types, interposed by two major conversions 
of the first basic type. The upper chart on 
Fig. 9 shows drawing office man-hours, while 
the lower portion gives a corresponding 
experimental programme for building the 
prototypes. 

The next step will be a production pro- 
gramme for the work envisaged. Fig. 10 
shows a long-range planning sheet based on 
typical contracts for the above types. The 
lower portion shows the total weight of air- 
craft produced in a given time. A study of 
this series of charts shows again the value of 
a policy of alternating new types with con- 
versions. It will be seen that while the shops 
are kept busy with a smooth flow of work ata 
fairly constant production level, the design 
staff is enabled, during conversion periods, to 
devote its attention to the development of 
advanced types. 


THE THIRD PROJECT STAGE 


Let us assume, then, that the tender has 
now been approved and an order to proceed 
with the design and building of a prototype 
is received. Work in the project office will 
continue for a period, because of the absolute 
necessity for hammering out basic problems 
there before work is started in the drawing 
office. The amount of work already in hand 
in the drawing office will influence the rate of 
growth of the new project. Before passing 
on to this, however, other branches require 
consideration at this point. 
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AERODYNAMICS 


Work on wind tunnel models will have 
been going on at this stage, and early wind 
tunnel tests will have been made. If there js 
one branch of aircraft design likely to give 
rise to a greater number of problems than 
another, during development, it is aero- 
dynamics. Few aircraft during recent years 
have not been threatened with delay because 
of this. 

The fundamental reasons for this state of 
affairs may be listed, broadly, under four 
headings, in ascending order of seriousness, 

1. The increasing severity of requirements, 

2. The difficulty of making basic struc- 
tural alterations after the aircraft has 
flown. 

3. The inaccuracy and insufficiency of 
results from obsolete equipment unable 
to cope with modern speeds and 
aircraft sizes. 

4. The complications introduced by so 
many additional design parameters— 
compressibility, sweepback, shock 
waves, extreme altitudes—and the lack 
of sufficient relevant design data to 
guarantee success, 


CHANGES IN SAFETY 
REQUIREMENTS 


It is not suggested that the introduction of 
new flight safety requirements is unacceptable 
to aircraft designers. There can be iittle 
doubt, however, that during the past few 
years, the need to meet rates of climb and 
stability standards not contemplated when 
the design was laid down, has caused serious 
embarrassment. It is unlikely that such a 
drastic introduction of higher standards in so 
short a time will occur again. Such periodic 
changes which are bound to occur need cause 
no embarrassment therefore if a firm takes its 
rightful place in formulating the national 
requirements. Time spent by senior designers 
in attending such committees is by no means 
so wasteful as it may seem, when considered 
in conjunction with the actual design time 
thereby saved. 


AERODYNAMIC TEST EQUIPMENT 

Although derided by some, there can be 
little doubt that on the wind tunnel falls the 
brunt of aerodynamic design, whether the 
data so obtained takes the form of ad hoc 
information on specific models or of empirical 
formule of a general nature. With one or 
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two notable exceptions, wind tunnels now in 
use were built some twelve or more years 
ago when the average speed was of the order 
of 200 m.p.h. and an aircraft of 25,000 Ib. 
was considered excessive, Since then speeds 
of 600 m.p.h, and weights of 100,000 Ib. are 
not unusual, whereas the strength of pilots 
has, by trade union decree, gone down some 
30 per cent. The need for accuracy in wind 
tunnel data has consequently increased ten- 
fold, a demand which none but the newest 
tunnels can meet. 

The need for new wind tunnels of sufficient 
size and speed is imperative if we are even 
to keep pace with the ever-increasing strin- 
gency of requirements. 

Such wind tunnels undoubtedly cost large 
sums of money, but this should be considered 
in relation to the cost of the aircraft being 
built and the set-back in production arising 
from delay in prototype development. This 
implies that only the larger firms can afford 
really efficient wind tunnels, and there is little 
doubt that this is so. They must be prepared 
to provide such equipment as part of their 
responsibility in a private enterprise industry. 

It may be that the only way around this 
apparent difficulty is to adopt the American 
practice of co-operative wind tunnels financed 
by one or several large firms, allocating a 
limited number of hours to smaller firms who 
cannot afford a major interest. Such a system 
could be designed for operation on a com- 
mercial basis and would undoubtedly pay for 
itself in a short time. 

Some idea of the cost may be obtained 
from the Co-operative Wind Tunnel at 
Pasadena, which is used by four major air- 
craft firms. The tunnel is operated for 11 
to 14 hours a day and apparently costs each 
frm about £50,000 a year. 


INTRODUCTION OF NEW DESIGN 
PARAMETERS 


_ The addition of new fundamental variables, 
including compressibility, shock waves, 
extreme altitudes and new plan forms such 
a swept-back or delta wings, are necessitat- 
ing exhaustive tests on almost all new designs. 
Only very limited high-speed testing facilities 
are available for the purpose in this country. 
Since these wind tunnels cannot operate more 
than 24 hours a day, their main purpose, 
hamely the derivation of fundamental know- 
edge on the above-mentioned variables, is 
being side-tracked, Thus the supply of basic 
tmpirical and semi-empirical data upon 


which the Industry relies is unlikely to 
mature. 

This bleak outlook is extremely serious, 
and the Aircraft Industry cannot afford to 
allow the situation to continue. The Govern- 
ment must encourage the Industry to build 
for itself subsonic and supersonic wind 
tunnels in order to relieve the load from the 
research establishments at the earliest 
possible moment. Without these, we shall be 
forced to fall back on the time-honoured 
custom of analysing American data on 
aircraft bearing some resemblance to the one 
in hand. This inevitably leads to inferior 
design and to aircraft which cannot compete 
with American types derived from the 
original data. 

A similar plea for the energetic construc- 
tion of research aircraft is made. The amount 
of information now available on the effect of 
sweepback in delaying the onset of com- 
pressibility is small and mainly confined to 
model tests. Invaluable full-scale flying tests 
could be made on aircraft derived from basic 
square-wing fighters in which the addition of 
sweepback was the only design change. 


PERSONNEL 


The provision of such equipment in no 
way eliminates the need for careful dis- 
semination of the data obtained. The 
equipment is largely wasted unless operated 
by thoroughly able engineers whose training 
has been largely aerodynamic, It is a fact 
that in America the considerable general 
engineering knowledge required to control 
high-powered and large wind tunnels has 
tended to give rise to a generation of 
engineers with a general knowledge of aero- 
dynamics, rather than aerodynamicists with a 
knowledge of general engineering. This must 
be avoided if at all possible. In this con- 
nection, the universities can play a big part in 
giving aeronautical students a_ sufficient 
knowledge of general engineering to allow 
them to play their full part in this 
undoubtedly coming era of large wind tunnel 
equipment. 

No amount of lavish equipment, however, 
can dispense with the basic need for detailed 
investigation and analysis of the aerodynamic 
characteristics of the aircraft. The tunnels 
must be used as an aid to this analysis, not as 
a substitute. The author’s exnerience has 
convinced him that a good team of, say, a 
dozen aerodynamicists, exclusive of wind 
tunnel staff, working on _ performance, 
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Distribution of design staff. British Aircraft Industry. 


stability and control, will pay for itself many 
times over. Old-fashioned trial and error 
methods, applied to modern aircraft, are 
expensive. The Americans, one feels sure, 
would agree that development costs are 
largely influenced by the extent to which the 
aircraft is wrong. 

The author believes that a much more 
determined and extended effort must be made 
to work out the controls, for example, before 
the prototype flies. Recent experience has 
convinced him that this can be done. 

The relationship of the modern aero- 
dynamics office to the remaining technical 
staff is worth examining. Fig. 11 shows the 
distribution of technical staff in the main 
sections of the design offices of the British 
Aircraft Industry. It is obtained by taking 
the total figures and reducing them to per- 
centages. The result is an average for any 
firm. The low figure of 4.5 per cent. for 
aerodynamics, including as it does the wind 
tunnel staff, is a striking feature. 

The author considers that this low pro- 
portion may well be at the root of so much 
aerodynamic trouble. It seems inconceivable 
that the proper analysis of performance. 
detailed air flow, stability and control, and 
the subsequent wind tunnel testing, can 
possibly be done by nine men with a drawing 
office of 150 to satisfy. An aerodynamics 
strength of the order of 9 per cent. of the 
total would be more balanced, and it is 
strongly urged that serious attention be given 
to this aspect. 
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This 9 per cent. must obviously be given 
the right ideas on which to work. Sheer 
increase in numbers, without the basic design 
ability, will achieve nothing. Even if this 
increase could, for various reasons, be 
achieved: only at the expense of draughtsmen, 
it is surely sounder to produce a few less 
drawings, which are right, than a few more 
which are more likely to be wrong. 


MODIFICATION DIFFICULTIES 


It is an unfortunate fact that in order to 
produce aircraft in the shortest possible time 
and for the lowest possible cost, prototypes 
are made with little adjustment to the control 
surfaces, flaps, tail setting and tail position. 
As a consequence, changes that dre con- 
sidered advisable after early flights are often 
found to be impracticable because of the 
quick follow-up of the production aircraft 
and the large amount of money and time that 
would be involved in making new jigs and 
parts. 

It is equally inadvisable on such proto- 
types to build an aerodynamic test shell, and 
it is suggested that a sound half-way course 
can be carried out which should delay the 
prototype by no more than a few weeks and 
production not at all, if the saving in flight 
development time is taken into account. 

This consists of frankly treating those parts 
which are known to give trouble on the type 
of aircraft under consideration, as fully 
experimental parts and making no attempt 
to productionise them until they have proved 
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PROBLEMS IN THE DEVELOPMENT OF A NEW AEROPLANE 


themselves. For instance, on an air liner 
prototype, the tail unit should be experi- 
mental and should permit easy modification 
10 tail incidence, amount of contro] balance, 
shape Of balance and so on, Similarly, on 
a high-speed fighter, ailerons, air brakes and 
soon should be easily modifiable within quite 
wide limits. When one considers the cost 
saved in eliminating delay on the production 
atticle, there can be little doubt that such a 
policy will pay a handsome dividend, 


MOCK-UPS 


Directly connected also with the activities 
of the project office, is the building of a 
suitable mock-up. The conception of 
minimum mock-up requirements varies con- 
siderably. On the one hand, the civil airline 
operator expects something approaching a 
prototype aircraft with complete furnishings 
picked out in four colours. On the other, the 
commercial manager’s conception runs to a 
few packing cases, a ball of string and a box 
of drawing pins. 

Bearing in mind that a mock-up is a costly 
atticle with a very limited use, while no 
reasonable expense should be spared on the 
important features, strict economy should be 
exercised on items of a secondary nature. 
Alternative layouts should be capable of 
resolution by the good old-fashioned practice 
of reading drawings, and not completely 
reproducing them in elaborate mock-up form. 

At the preliminary project design stage, a 
mock-up is often the only means of checking 
certain vital points such as pilot’s headroom, 
field of vision and access to seats. A pre- 
liminary mock-up of crew’s quarters should 
therefore be put in hand for this purpose. 
Provided that operational facilities can be 
adequately deduced from it, plank and batten 
construction should suffice. This should be 
followed by the final mock-up, which is 
usually started when preliminary design 
schemes are put in hand in the drawing office. 

Itis essential that all mock-up work should 
come under the control of the project office, 
ince this section has the greatest overall con- 
ception of the aircraft. It will be in a better 
position to perceive overlaps and can produce 
4 structure from sketches and dimensional 
a thus saving time in the main drawing 
office, 

The extent to which the mock-up should 
s0 must be strictly limited. Generally it is 
sufficient to build the fuselage, one wing as 
far as the outboard engine and one half of 


the tailplane. Working flaps and elevators 
are useless. The main structural members 
should be represented dimensionally, but in 
any material suitable for mock-up use. 

Servicing doors and hatches should be 
made to function. Electrical cable runs can 
be indicated by wooden ducts, but piping, 
except in the power plant, can be disregarded, 
as it is generally a waste of time. It has been 
proved by experience that the most efficient 
way to deal with piping is to plan all services 
at an early stage, allocate runs, and keep an 
eye open for any encroachment by other 
equipment. The plan is thus still elastic when 
it reaches the prototype stage. The engineer- 
in-charge is therefore free to alter any 
features, subject to drawing office approval, if 
by so doing he can achieve improved access, 
eliminate bends, or save time in assembly. 

A fully representative mock-up of the 
engine installation is invaluable. Starting 
with a space model of the engine, correctly 
mounted inside its cowling, the location of 
accessories can be tried out. Auxiliaries, 
controls, electrical panels, wiring and piping 
can be given alternative arrangements until 
the best compromise is obtained. This is a 
great help in avoiding snags which might not 
otherwise become apparent until too late. 

Another useful feature is an accurate work- 
ing mock-up of the undercarriage and 
undercarriage door linkage. From this the 
correct operation, movement and clearances 
can be obtained, and possible fouling points 
eliminated. Direct-vision windows provide 
another example where the mock-up is highly 
desirable, since size, convenience and angle 
of vision can be much more advantageously 
gauged from it than from drawings. 


ACCOMMODATION 


Accommodation is the chief reason for 
building a mock-up. While the representation 
should be complete, the method of construc- 
tion should be as simple and cheap as its 
usefulness permits. For example, while 
certain components can be adequately 
represented by wooden boxes, the clarity of a 
dash-board cannot be properly checked 
without the actual instruments or, in certain 
cases, full-size photographs of the dials. 
Flying and engine controls must give correct 
movements and the size and shape of levers 
and knobs should be true. Electrical panels 
should be complete and <arry the correct 
switches and dials. Where passenger seating 
is concerned, only one seat of a series need 
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be fully upholstered, the remainder being 
represented by rough mock-up structure. In 
that one case, however, the reproduction of 
actual padding and furnishing can save much 
bitter argument at a later stage. 

The prime purpose of the mock-up, to 
provide information, should not be over- 
looked. Finally, a mock-up should never be 
allowed to become so elaborate that it 
dissipates energies better employed in pro- 
ducing the actual prototype. 


STRESS OFFICE 


Parallel with the early investigations going 
on at the project stage, is the preliminary 
work in the stress office, necessary in order 
to clear the way for ultimate expansion in 
the main drawing office. The stress office 
can function in a variety of ways. In its most 
effective form it can be a healthy partner and 
critic of the drawing office. In its lowest 
form it becomes merely a rubber stamp of 
strength approval on all drawings produced 
by the design office. This is usually brought 
about by lack of staff or insufficiently 
experienced personnel. 

The stressman is usually a_ university 
graduate or an aircraft apprentice having 
approximately similar academic qualifica- 
tions. The graduate when first entering the 
Industry has a wider theoretical knowledge 
than the apprentice, whereas the latter has 
a much greater practical experience. In the 
author’s opinion, a proper balance of the two 
types is far the best way of recruiting the 
staff. 

The cream of these men, that is graduates 
with first class honours degrees and ex- 
apprentices with degrees obtained externally 
after three years’ industrial experience, are 
valuable technicians. This is particularly 
true if they possess a little more than average 
self-confidence. A major problem in the 
technical office to-day is to retain such men 
within the Industry. The solution will vary 
with each firm, but the Aircraft Industry 
must offer them prospects comparable with 
those which exist outside. 


AIRWORTHINESS 


There is a definite need for one or two men 
to become experts on airworthiness require- 
ments. They must check all new regulations 
—a job requiring long experience and infinite 
patience—and see that all applicable require- 
ments are met. This work was done at one 
time by the R.T.O., but in the larger firms, 
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where the administrative duties associated 
with this office have greatly increased, it 
generally falls upon the constructor. The 
same applies, in some measure, to the case of 
the Air Registration Board Surveyor. 

It is apparent that the need for closer air- 
worthiness control has been appreciated, as 
shown by the appointment of airworthiness 
engineers in certain firms. It is believed that 
a wider adoption of this post may not only 
improve the control of airworthiness, but may 
also help towards the solution of the above- 
mentioned major staff problem in the stress 
Office. 


MECHANICAL TESTING 


It is impossible to speak of the stress office 
without referring to mechanical tests. In 
brief, the technical] office should have solidly 
behind it a structural testing department 
which can deal with all major structural tests 
without resort to outside help, This enables 
the company to guarantee the reserve strength 
quoted in Type Records and gives the tech- 
nicians concerned an opportunity of proving 
the correctness, or otherwise, of their 
calculations. 

The ability to handle all major tests within 
the firm is frequently absent because of lack 
of equipment. The policy already outlined 
under wind tunnels must be adopted here 
also. The Government must encourage the 
Industry to supply its own major test gear 
in order to make it self-supporting for ad 
hoc tests and leave the national establish- 
ments free for research, 


WEIGHT CONTROL 


It is fair to say that in most firms the 
weight office is a junior department and the 
ideal form of weight control still has to be 
solved. The efficiency of this department 1s 
almost entirely a matter of personnel. The 
folly of planning organisation charts and 
putting names in rectangles, rather than plan- 
ning an organisation on the men available 
and then drawing the rectangle around the 
name, was never more true than when applied 
to a weight office. 

The numerical strength of the department 
should be between one half and one third 
that of the stress office. It should be closely 
allied to the stress office, for preference under 
the same control, and should be responsible 
for all project weights and the detail weights 
quoted on every drawing. 
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The chief weight engineer is always liable 
to be a bearer of bad news and therefore 
requires an exceptional amount of tact. He 
must have a close knowledge of all the “bits 
and pieces” which go to make the complete 
aircraft and always be on the alert to send 
out warning signals. The success of weight 
control will depend largely on the designer’s 
original conception, but timely warnings from 
the weight office, backed with sufficient 
determination by the Chief Designer, can 
help to prevent the over-weight design. 

Like all juniors, this department needs 
more care and attention from managements 
than the older and more experienced section 
of the technical office. It is believed that such 
attention will be well repaid and that a sub- 
stantial contribution can be made by a 
well-trained weight control staff. 


DRAWING OFFICE 


When all the basic problems have been 
thoroughly examined in the project office, 
the new design passes into the drawing office 
and the next stage begins. Initially, a new 
aircraft’s life in the drawing office is an 
extension of the project stage. An early 
investigation into the feasibility of the project 
design is essential. This must be done by 
senior draughtsmen and group leaders only. 
The office must be organised into groups 
sufficiently small for the group leaders them- 
selves to be designers and not administrators. 
In general a maximum of 15 in a group has 
been found to work well. 

It is at this stage that the value of dove- 
ailing new types and major conversions is 
most felt. The less talented members of the 
community do not have to be put to work on 
the new type before it is ripe. Acceleration 
through this preparation stage may well 
justify working longer hours for short spells. 

Probably the most difficult decisions at 
this stage are those which concern scrapping 
alot of drawing work when a better solution 
is apparent. Obviously no general rule can 
be laid down but, although “the better is the 
enemy of the good,” it is cheaper to tear up 
afew sheets of paper than to spend much 
lime in flight testing—and still have to tear 
up the drawings anyway. If one is con- 
vinced that an original piece of design can be 
much improved it is better to be courageous 
and scrap it. But it must be done at the 
scheming stage and not when the job is fully 
detailed. Any draughtsman worth his salt 
takes pride in his work: his enthusiasm is 
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sorely tried by a few wholesale redesigns 
after his detail drawings are well advanced 
and before they are issued. 


PERSONNEL 


Design for production must be instilled 
into every member of the staff. They must 
be kept acquainted with works techniques 
and changes in equipment and given oppor- 
tunities to get first-hand experience of the 
factory. The great value of apprentice 
schemes to produce real engineers cannot be 
over-emphasised. 

Maintenance problems, standards of finish 
and cockpit arrangement, must all be part 
of every draughtsman’s education and the 
present divorcement of draughtsmen from 
contact with the actual aircraft is a bad 
thing. They must be enabled to see the 
problems involved and, as far as possible, 
fly in the aircraft themselves. The senior 
aerodynamic and design staff, in the author’s 
view, would do well to become pilots them- 
selves. It makes for a better understanding 
of the test pilot’s problems and enables them 
to gain his confidence. 

Good services and working conditions are 
essential to an efficient drawing office. The 
accommodation should be good. High-class 
natural and artificial lighting and air con- 
ditioning are expenses which will soon be 
repaid by higher output and better design. 
The author, by the way, thinks that physical 
barriers between draughtsmen, stressmen, 
aerodynamicists and weight engineers are a 
bad thing. They should all be housed in 
one big office and encouraged to believe that 
they are doing the same job with the same 
end in view. 

Elimination of irritating delays by means 
of a well-organised drawing stores and print 
room is well worth while. A_ well-run 
technical publications section ensures that 
the aeroplane will be given a chance to work 
after it is built. So often in the past have 
the maintenance manuals arrived in service 
long after the aircraft they describe. 


MOULD LOFT 


A mould loft is an essential part of a 
modern design office. Intelligently used, it 
can do much to accelerate the prototype’s 
manufacture and to cheapen subsequent pro- 
duction tooling. Profiles and lines should 
all be mathematically determinable. The 
practice of “fairing in” the lines by eye is an 
221 


| 
5 
ies 
A 
: 
4 


G. R. EDWARDS 


evil one. A full-scale reproduction process 
will do much to reduce tooling costs. A 
photographic reproduction unit is of value 
to the drawing office, enabling the making of 
reduced scale prints of lines, which are also 
used for wind tunnel models. 


THE EXPERIMENTAL DEPARTMENT 
We now come to the stage where building 
the actual prototype begins. The author 
believes that a big contribution to the 
economical development of a new aeroplane 
can be made by a properly organised 
experimental department. The role of an 
experimental department is to provide in- 
formation and provide it quickly. That 
information is required to enable satisfactory 
production machines to be built. It may be 
supplied by an aeroplane which is the real 
prototype of a production version, or by one 
which is more in the nature of a research 
aircraft, but will in the course of its flight 
testing supply much needed data to enable 
the designers better to tackle the final job. 
Even in the present advanced state of the 
aeronautical sciences, the behaviour of a new 
aircraft, or of a modification to an old one, 
is not always entirely as its designer had 
hoped, The final settlement of physical 
clearances, maintainability and crew layout 
cannot be reached until a prototype is built. 
There are four ways in which the experi- 
mental department can provide the informa- 
tion which is required by both design and 
production sections, These are:— 

1. Confirmation of design office estimates, 
particularly on handling and _per- 
formance. 

2. Assessment “in the flesh” of the main- 
tenance features of the aircraft, 
together with physical checks on its 
operational efficiency. 

3. Examination of production problems 
such as ease of assembly, riveting 
accessibility and best methods of jig- 
ging while the prototype is still under 
construction. 

4. Intimation to the drawing office of the 
inevitable drawing errors so that the 
production parts will be made off 
corrected drawings. 


The order of importance of the information 
required is that given. When, during the 
construction of a prototype, delays in pro- 
viding some of the answers may be incurred 
by overcoming some other piece of trouble, 
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this order of priorities must always be borne 
in mind. A dimensional error in a tailplane 
gusset, for example, loses some of. its 
significance when the whole taiplane sub. 
sequently has to be increased in area. 

The prime factor in building a first 
prototype is speed. This must be reconciled 
with a sufficient degree of accuracy to ensure 
that it is representative of the aircraft as 
designed and will not differ from subsequent 
production machines, The successful reso- 
lution of the conflicting issues of speed and 
accuracy is the biggest contribution towards 
the overall efficiency at which we are aiming. 
In turn, the likelihood of achieving this 
depends largely on the organisation of the 
department and the facilities it possesses, 


ORGANISATION 


The manner in which the experimental 
department fits into the main _ works 
organisation differs from firm to firm, and 
depends on local conditions. An organisa- 
tion which ideally suits one factory may 
prove inefficient in another. Certain 
fundamental requirements, however, are 
essential to the success of the department. 
These are: — 

1. The ability to produce or control the 
manufacture of all the parts which go 
to make up the prototype. 

2. Its own facilities for designing and 
making experimental jigs and fixtures. 

3. Adequate component and __ final 
assembly space and a flight test 
hangar adjacent to an aerodrome suit- 
able for experimental flying. 

4. Skilled personnel with the “experimen- 
tal” outlook led by men possessed of 
great enthusiasm, unlimited patience, 
inexhaustible energy and an_ unflag- 
ging sense of humour. 

The intelligent assessment of the degree 
of accuracy with which tooling needs to be 
done is of great importance. Where mating 
parts can be assembled successfully even if 
they are a few thousandths off the theoretical 
dimension, it is a waste of time and money 
to jig them to a thousandth, Equally foolish 
is it to save jigging time by dispensing with 
the jig for mating parts such as wing root 
attachments, only to waste a lot of time trying 
to join them up. The basic principle in 
prototype jigging must be cheapness, ease of 
manufacture, accuracy where required, and 
adaptability. 
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SPAR LOCATIONS 


STEEL FRAME 


Fig. 12. 
Typical experimental small component jig. 


TOOLING 


Much has been written on the feasibility of 
building prototypes on jigs and tools which 
are good enough for subsequent production. 
The real test is the delay which will be 
incurred in the construction of the prototype 
if any jig or tool is made to a standard suit- 
able for ultimate production. In general, for 
example, certain detail tools, particularly 
tubber press tools of zinc or compressed 
wood, could often be made to production 
standards without delaying the prototype. 

Assembly fixtures in general cannot be 
made suitable for production without exces- 
‘we delay. One exception to this may be in 
assembly fixtures for small components such 
a tail surfaces or landing flaps. Fig. 12 


shows the type of jig which the author has 
found ideal for the accurate production of 
these components for a prototype. The 
subsequent use of these jigs for early pro- 
duction would be perfectly practical, although 
they could not cope with a high rate of 
output. 


Many component assembly jigs, such as 
for fuselage and wings, made from frames of 
tubular scaffolding with carefully selected 
locations accurately fitted, have given first- 
class service. Examples of these are shown 
in Figs. 13 and 14. The great advantage of 
this type of assembly jig is that the majority 
of the work can be done by ordinary fitter 
labour and the amount which depends upon 
skilled tool-makers is relatively small. It is 
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Fig. 13. 
Typical experimental wing jig. 


confined, in fact, to the final locations of these 
fittings shown. These jigs are cheap both 
for this reason and because the scaffolding 
can be used again. The fuselage jig shown 
in Fig. 14 is, in fact, capable of building 
fuselages of varying sizes without appreciable 
alteration to the main frames. 


MOULD LOFT 

The mould loft can be of great value in 
the production of these jigs by supplying 
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templates which can be used as the location 
to fixtures carried on the main frames. The 
almost complete elimination of the stick 
micrometer could be achieved by an extensive 
use of mould loft templates in this way. 
Fig. 15 shows this being done. 

The manufacture of all blocks should be 
from mould loft templates, and the author 1s 
convinced that an intensive use of lofting 
facilities could reduce much of the trouble 
frequently experienced in prototype assembly. 
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Fig. 14. 
Typical experimental fuselage jig (centre section). 
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Fig. 15. 
Template used for setting jig. 
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SKIN PANEL JIG 


———JIG_ PLATES CONFORM TO 
MOULD LOFT LINES 


Fig. 16. 
Skin panel jig converted for assembly. 


Moreover, although the mould loft should be 
under the control of the drawing office, the 
experimental department should have direct 
access to it in order to help with this template 
production. 

Skin panel jigs for cowling and shaped 
plating in general should be made of metal 
(as shown in Fig. 16) and subsequently made 
the master for production stretcher press 
tools. These can usually be converted into 
an assembly jig for the particular panel, com- 
plete with its formers and _ stiffeners. 
Although it may not be possible to use the 
actual assembly jig for production, master 
gauges can be made from them for setting 
the production jigs. 
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TEST RIGS 

The use of full-sized rigs in the shop, to 
test the functioning of as many of the aircraft 
services as possible, is rightly becoming 
common practice. Much time in prototype 
flight testing can be saved by intensive 
Operation on these ground rigs. Fuel, 
hydraulic and electrical systems should be 
tested as thoroughly as possible with all the 
components in their right geometrical 
position. Undercarriages should be mounted 
and functioned thousands of times before 
final installation in the aircraft. 

A typical rig for testing the function of a 
nose wheel is shown in Fig. 17. The active 
assistance of the experimental shop in 
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producing these rigs in time to embody any leads him to the considered conclusion that 
necessary alterations in the prototype is of the experimental shop should not belong to 


great use to the mechanical designers. the Chief Designer. Running such a shop 
should be a works affair, involving as it does 

LIAISON WITH DESIGN AND trade union and works personnel matters, 
PRODUCTION and should be controlled by the senior works 


executive, not by the production executive. 
The closest possible liaison between the The Chief Designer should have enough to 
drawing office and the experimental shop is do without smoothing out works labour 
necessary. In fact, the construction of a problems which, in any case, must be 
prototype and its test flying are as much a_ influenced by the conditions in the main 
part of the design as the original scheming factory. The experimental shop should be a 
and drawing, and the two staffs must be free and unfettered critic of the drawing 
prevailed upon to work together with that office and it is often well qualified to point 
object in mind. out some of the shortcomings of the average 
The author’s experience in both camps draughtsman, 
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The technical direction of the experimental 
shop must, however, be the Chief Designer’s. 
“Give and take” between the two sides is one 
of the most important assets that any firm 
can possess. 

A small drawing office in the experimental 
shop, capable of designing its own jigs, is 
also of great value in sorting out the drawing 
errors which arise from time to time. Its 
members will generally be able to get a closer 
understanding with their fellow draughtsmen 
in the aircraft drawing office than the fitters 
on the job, and it is considered that they 
do in fact pick up the vast majority of the 
drawing office errors which are made. 

One of the greatest criticisms of experi- 
mental shops is that they do not clear the 
“snags” and that the production shops still 
have to overcome them on _ their first 
machines. From experience the author has 
had of the production departments of a 
number of firms in the Industry, he believes 
it would be an interesting experiment, 
although one which the average company 
could not afford, to let a production shop try 
to build a prototype. It would then be seen 
that, in actual fact, the vast majority of snags 
had already been “ironed out” on the other 
aircraft before they started. One imagines 
that, confronted with all the newness and 
trouble of a prototype, normal production 
would stop altogether, because of an almost 
complete deflection of supervision on to this 
one job. The heavy weather made of re- 
running a few pipes in a production shop is 
an indication that not the least service done 
by the experimental shop is the one they are 
most accused of neglecting. 


PRODUCTION LIAISON 

Setting up in the experimental shop a 
section from the production planning office 
is a good thing. Members of this section 
should advise on the nature of the tooling, 
particularly as to whether a tool is suitable 
for subsequent production. They should see 
that the production people keep a close watch 
on all stages of the prototype construction. 
The experimental staff is too fully occupied 
in meeting its target date to take the initiative 
in showing the production people the various 
features on the aircraft. The initiative must 
rest with the planning staff permanently 
stationed in the experimental shop and they 
should see that all points of interest are 
brought to the production shop’s notice. The 
energetic pursuit of these will do much to 
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reduce the cost of the first few production 
machines. 

In view of the limited production likely 
to prevail during the present period, it is 
incumbent on the design office to make its 
aircraft capable of accurate reproduction with 
cheap and limited tooling. Complicated 
designs, only made producible by the large 
wartime quantities involved and the ingenuity 
of the tool designer, can no longer be 
tolerated. 


FLIGHT TESTING 


Once the prototype has been built, the all- 
important question of flight testing arises, 
A well-organised team of pilots and observers 
is becoming an increasingly important part 
of the technical body. 

The special instrumentation required for 
flight testing the power units, controls and 
installations of a modern aircraft is consider- 
able and has to be built into the prototype 
during assembly. The number of measure- 
ments to be taken simultaneously on a 
modern high-performance multi-engined air- 
craft necessitates the use of cameras. 
Automatic observers, however, should be 
constructed so that readings may be taken 
visually as well as by camera, as there are 
many cases where camera-recording is not 
necessary. Too enthusiastic a use of the 
camera will require a large staff of computors 
if the results are not to be delayed. 

The flight testing of a new type of aircraft 
can be divided into two main categories. 
First, exploratory tests of power unit suit- 
ability, performance, handling of controls 
and the functioning of heating, pressurisation 
and other systems. These tests usually need 
only cover the most adverse conditions, as 
the object is to find out quickly what troubles 
are present. :The time taken to complete these 
tests and to overcome the troubles depends 
upon how well the aerodynamics and design 
offices have done their job. In overcoming 
the inevitable troubles, bold corrective action 
will pay handsome dividends, To do only 
the minimum of alteration necessary to scrape 
through the requirements will penalise the 
future development of the type, for once the 
production line has started, major alterations 
become increasingly difficult. . 

Every effort should be made to have 
furnishings, heating and pressurisation 4s 
complete as possible before the first flight. 
Cabin comfort on civil aircraft is a prime 
consideration and is one of the most 
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important points. The ability to test and 
perfect these systems quickly is essential. 
The second main category of flight tests 
ate those required to obtain official clearance. 
The schedule of tests to cover C. of A. 
requirements entails approximately 60 hours’ 
fying. This applies equally to military 
aircraft which have to satisfy A.P. 970 
requirements. As the aircraft has been tested 
already in the most adverse conditions and 
ay faults rectified, these tests should be 
sraightforward and without snags. 

In the past, lack of suitable weather has 
wnsiderably lengthened the time taken to 
wmplete the flight test schedule. It is now 
the practice to have every prototype aircraft 
fitted with full radio and “G” aids and a 
navigator / wireless-operator is included in the 
crew. Good testing conditions are often 
dbtained above ten-tenths cloud and it is only 
on comparatively few days that the weather 
is too bad for flying, provided that the 
necessary radio aids are available. This 
system gives the manufacturer experience of 
the behaviour of the aircraft in bad weather. 
Backed by a good experimental flight shop 
inwhich the servicing is largely done during 
the night, flying may well start early in the 
morning and continue until dusk. If such 
methods are used and flights are carefully 
planned, the cost of development flying can 
be kept down to reasonable figures. 

Apart from the tests to prove that: the 
aircraft meets official requirements, various 
operational tests must be made_ before 
leasing to the customer. These include 
thecks on the behaviour of engines and 
iifframe in icing conditions, radio and radar 
iiciency and, if possible, performance and 
wuitability in tropical temperatures. 

The reliability of stability, handling and 
ktformance tests depends upon accurate 
loading and C.G. positions. It is most 
itsirable that the aircraft should be able to 
te pushed on to scales in the hangar floor in 
ts loaded condition before each flight. 


FLIGHT TEST APPROVAL 


All this flying time piles up the cost. The 
author is convinced that much unnecessary 
duplication of testing by the constructors and 
Y Boscombe Down takes place. Just as 
sign approval is granted to a firm in order 
0 relieve the Royal Aircraft Establishment 
of the necessity of checking all the calcula- 
lls, so should a similar approval be 
‘tended to a firm’s flight organisation. 
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Once this approval is granted, the con- 
structor’s flight test report would be, in the 
main accepted. Boscombe Down could then 
pick out for checking salient points such as 
stalling characteristics, engine-cut case, and 
no doubt, longitudinal stability in the con- 
dition in which their last aircraft gave trouble. 
The Industry must accept the responsibility 
which this arrangement would bring, and the 
temptation to write optimistic reports would 
no doubt be removed. 


CONCLUSIONS 
DEVELOPMENT TIME 


If the foregoing organisation is used 
efficiently, and some of the reforms outlined 
in the early part of the paper are made, a new 
time scale may be possible. As an example, 
it is not considered unreasonable that for a 
civil transport of 40,000 Ib. all-up weight, the 
lapsed time from the placing of the order to 
the first prototype flight could be two years. 
Let us say a further 18 months to complete 
the first production aircraft and 12 months 
more before a number of aircraft are oper- 
ating on the routes. This total of four and a 
half years, while reducing development times 
and costs to reasonable proportions, at the 
same time takes a fair account of the period 
required for all necessary pre-service trials 
and the cure of the usual “teething troubles.” 


DEVELOPMENT COSTS 


The author submits that the universal 
figure of £30 to £35 per lb. development cost 
is also capable of a healthy reduction. His 
recent experience of an aircraft, designed and 
developed under conditions not far removed 
from those just described, leads him to 
believe that airframe costs of some £16 per 
Ib. of gross weight are possible. Aircraft of 
a revolutionary design, embodying features 
previously untried, will naturally tend to go 
higher. The break-down of this figure is as 
follows : — 

£ sterling Per- 


per lb. centage 
gross wt. 

1. Design to C. of A. 

standard ‘ 26 
2. Mock-ups, wind tunnel 

models, etc. ... 1.4 8 
3. Test pieces 1] 
4. Two prototypes 5 Oe 52 
5. Flight testing to C. of A. 

standard... OS 
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No allowance can be made for engine 
development, as a successful engine will 
generally be used in a number of types, and 
its cost accordingly shared by them. 


CLOSING REMARKS 
If the author has been critical of some of 


the conditions obtaining in British Aviation, . 


it is in the hope that by drawing attention to 
certain shortcomings, he may have made 
some contribution towards their removal. He 
firmly believes that the British Aircraft 
Industry wants, above all things, to build 
efficient aircraft; to see them used by the 
R.A.F. and the national corporations; and to 
further its already considerable contribution 
towards the struggle to increase exports. 

Foreign competition is now so strong that 
the Industry will need the full support and 
willing co-operation of the R.A.F. and the 
national corporations; not only in helping it 
to create the best aircraft, but also, by their 
example, in showing the rest of the world 
that they consider British aircraft to be the 
best. 

In the Industry itself there may well be 
room for improvements. If any of the views 
expressed in Part II of this paper stimulate 
discussion and examination, the author’s 
efforts, having that aim in view, will not have 
been in vain. 

This small country, in its present difficult 
economic situation, cannot hope to equip 
itself with research facilities on the lavish 
scale which the Americans possess. Never- 
theless, our native ingenuity, given the proper 


DISCUSSION 


N. E. Rowe (British European Airways, 
Fellow): Under the heading “Military and 
Civil Requirements” the author had stated: 
“It is an indisputable fact that civil aircraft 
so far employed on the world’s airlines have 
always been preceded by long service in the 
Air Forces by a comparable type.” He did 
not agree that that was so. He believed the 
DC-3 owed nothing to military aviation 
whatever, and that 550 of the DC-3 type 
were built before that type was put to 
military use. Nor did he think the Empire 
Flying Boat owed anything to military 
aviation. |The Constellation was thought 
about initially as a civil type; the exigencies 
of war had thrown it-into military use, but 
the civil type owed little to that use. The 
same applied to the DC-4. 
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encouragement, can still triumph in the face 
of obstacles. 

It has been said that our American friends, 
when looking for a needle in a_ haystack, 
proceed, with great determination and 
colossal effort, to tear down the whole stack. 
We, with our more limited resources, spend 
a little more time walking round the haystack 
before bearing down upon it. It may be that 
we can only manage to grab a handful; but 
we frequently find it to be the one containing 
the much-prized needle. 

So long as we preserve this great national 
trait, the country need have no fear that the 
British Aircraft Industry will fail it, either in 
peace or in war, 
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As a matter of broad policy he agreed 
that it would be a good thing for civil 


operators to discuss matters with militaryfi 


cperators in the early stages of the formula 
tion of requirements. But there were 
fundamental differences. To reinforce his 
argument, he had set down the basic design 
considerations for military and civil aircraft 
types (see Table 1). 

After comparing the military and civil 
requirements he had concluded that there 
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|, Efficiency as a weapon. 


1 Performance must be a maximum within 
limitations of carrying essential weapons, 
equipment and crew. 


Crew arrangements relate primarily to effi- 
cient use of the aircraft as a weapon; 
physiological conditions are brought to the 
tolerable level only. 


4, Flying qualities must relate primarily to 
weapon efficiency, i.e. use of the aircraft in 
its role, within over-riding considerations of 
safety and training. 


§, Crew escape is a dominating consideration. 


N.B.—Risks of structural failure, fire in the 
air, loss of pressurisation, are accepted as 
part of the combat role. 


TABLE I. 
MILITARY AND CIVIL TYPES 
BASIC DESIGN CONSIDERATIONS 


Effectiveness as a vehicle of transport. 


Overall economy must be a maximum within over- 
riding conditions of safety, reliability, competition, 
comfort. 


Crew arrangements must have regard primarily to 
safe operation in all weather conditions when fly- 
ing to schedule, and hence place greatest emphasis 
on reduction of fatigue and adequate provision of 
flying and navigational aids. 


Flying qualities must be related to ease and simpli- 
city, especially in the critical manceuvres of 
approach, landing and take-off; to giving a com- 
fortable ride, i.e. primarily to reducing fatigue 
and risk of accident. 


Safe conveyance of passengers under all conditions 
of weather, terrain and climate is the dominating 
consideration. 


to approach the problem, even though it 
might fill the production shops. He did not 
think that full production shops would 
necessarily produce the best results. Indeed, 
it might well be that they would achieve the 
test results for military transport by build- 
ng civil aircraft first, for example, Empire 
Boat into Sunderland, DC-3 into Dakota. 
It was true to say that the aviation 
industry the world over existed fundamentally 
4a defence potential. The organisations as 
awhole existed because nations feared war, 
and they were kept in being because nations 
wanted them to be there when war came. 
ff that were so, then the money spent 
peace time on the design and build- 
ig of new types of aeroplane, whether 
ihe design capacity were applied to civil 
ot military use, should come out of the 
public purse. He did not think that that had 
teen realised in the past, because the high 
‘sts of new prototypes for civil aviation 
Were passed on to the operators. 

He did not agree with Mr. Edward’s 
‘Uggestion that it was easier to forecast civil 
tan military requirements, for while the 
forecasting of civil aircraft requirements 
appeared to be perfectly straightforward, 
there Were many uncertainties. He believed 
at civil aviation as a whole was still in the 
Pioneering stage. The growth of air 


transport, the general change in the economy 
of the world, and the fact that aeroplanes 
must last and be competitive for ten years 
if they were to provide cheap air transport, 
rendered the problem extremely difficult. If 
the right type of aeroplane were not 
designed, then civil aviation would be much 
restricted; for example, traffic increasing at 
a fairly rapid rate could not continue for 
long to be carried in small capacity aircraft, 
because the increased number of aircraft 
required, created difficulties of getting into 
and out of airports and so on, and the air 
transport industry would not develop. 

Mr. Edwards had not mentioned research 
of an applied nature which must go on, in 
connection with structural matters, materials, 
finishing treatments, and so on. He would 
like to know about Mr. Edwards’ Company’s 
organisation in that connection. 

Contributed: He had been much interested 
in the lecturer’s view that firms should 
possess their own major design equipment 
for wind tunnel testing at sub and super- 
sonic speeds, for structural tests of all kinds 
and doubtless for pressure cabin testing and 
so on. This was a policy which he thought 
was essential if the designer were to build 
up round himself a team on whom he could 
rely in making his basic design decisions; 
otherwise, he must turn more and more to 
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the consulting expert and so lose, in part at 
least, full control over his product, although 
he had still to take full responsibility. The 
policy carried the implication that both 
equipment and staff were used to the best 
advantage and in particular that the latter 
were given the opportunities of doing work 
of a nature which they would find rewarding 
and which would enable them to develop 
consistently their full powers. How was 
work of a research nature organised by Mr. 
Edward’s team, and how much of it was not 
strictly ad hoc to immediate design 
problems? 

There was an unwarranted assumption in 
the suggestion that civil transport aircraft 
should be obtained by conversions from 
proven military types, namely that military 
requirements would always result in types 
of aircraft suitable for conversion to civil air 
transport. He thought this was _ not 
necessarily justified, especially in the present 
state of transition from moderate to very 
high speeds for military types. Moreover, 
a proven military type would be at least 
eight years old as a design conception before 
conversion for civil use could begin. What 
a handicap to give the civil type so 
produced!! 

He thought that the whole of the final 
paragraph under “The Experimental Depart- 
ment” contained a fundamental! principle of 
the first importance; in fact, the opening 
sentence might well be a motto for the whole 
of the experimental department of an 
aircraft firm. 

A corollary to the view expressed in the 
second paragraph under “Production 
Liaison ” was the development of production 
tooling, a subject treated in a recent paper to 
the Society, which was not, in his view, given 
the serious attention which the subject 
merited. It was most important to civil 
aviation especially, for which the numbers 
of aircraft required were relatively small, 
that production tooling should be cheap, 
otherwise air transport economies would be 
adversely affected. 

Could the lecturer say if the predicted 
gain of 0.1 S.M.C. in the allowable aft 
C.G. position by giving dihedral to the 
tailplane had been borne out by full scale 
measurements? 

R. E. Bishop (Chief Designer, de 
Havilland Aircraft Co. Ltd., Associate 
Fellow): He would like to back very strongly 
what Mr. Edwards had said about the com- 
plication of equipment and automatic 


gadgetry. All those things could be 
provided, but only at the cost of unservice- 
ability. He wondered whether some of 
the larger civil aircraft now being built 
in Great Britain and America with their 
masses of complicated equipment would 
ever be serviceable. It seemed to him that 
the maintenance problem on such aircraft 
was becoming almost impossible. One 
cause of complication was the host of safety 
gadgets which were being introduced as a 
result of new requirements. It was easy to 
write requirements but not quite so easy 
to carry them out in a safe and reliable way. 
It often seemed to him that there were 
more people trying to invent new so-called 
safety regulations than there were people 
designing the aircraft. He did not believe 
that aircraft had been made one bit safer 
by all those shoals of detail requirements. 
He would still rather fly in a DC-3 or a 
Rapide than in any of the machines 
produced under the I.C.A.O. requirements. 
Another serious aspect of those require- 
ments was the time taken by senior design 
people in reading proposals and attending 
committees when they should be devoting 
their efforts to making the aeroplane safer 
by proper attention to good detail design. 
Aeroplanes, both civil and military, must 
be made to last much longer. They must 
start with a good basic design and develop 
that design, adapt it for various jobs, without 
rushing off into an entirely new type every 
two or three years. Examples of this were 
the DC-1, DC-2, DC-3, Dragon, Rapide, 
Spitfire and the Empire boat and its variants. 
A little foresight during the initial layout 
of the aircraft could often make it possible 
to adapt the aircraft for other duties. The 
Mosquito was designed originally as an 
unarmed bomber, they were told that there 
was no requirement for a fighter version. 
However, during the early layout they made 
quite sure that at a later date it would be 
possible, without large alterations, to install 
four 20 mm. guns, and the result was an 
easy conversion to a night fighter and 
fighter-bomber. 
The present tendency to make one basic 
design of aircraft adaptable for both R.AF. 
and Naval duties was entirely right. The 
operational requirements of a Naval night 
fighter were almost identical to those for the 
R.A.F. He imagined the R.A-F. night fighter 
pilot would not object to having an aircraft 
which landed reasonably slowly at night and 
in bad weather. 
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When the enormous cost was considered 
of designing and building a new type of air- 
craft nowadays, he felt strongly that it 
should not be necessary to build prototypes 
except for research aircraft. For the past 
seven or eight years they had built far too 
many prototypes without being sure first of 
all that the type was really needed and 
secondly, that it could not be obtained by an 
adaptation of an existing aeroplane. The 
long drawn-out process of designing the pro- 
totype, building and testing, and sending to 
Boscombe Down before a production order 
was given only resulted in the aircraft being 
out of date before it was in service. After 
careful thought it should be possible to 
establish that there was a real demand for 
the type and that the basic features of the 
aeroplane were such that there was a reason- 
able chance of its being successful when 
built. He thought the classic example of the 
right way to produce aircraft was the Empire 
Boat. This outstanding aeroplane was 
ordered by Imperial Airways in quantity 
without waiting for prototypes and in its day 
was just as big a step forward as anything 
they were doing now. 

Mr. Edwards had been a litte unkind to 
civil operators. Surely their job as aircraft 
designers was ‘to get opinions from 
operators, weigh up their opinions, and then 
tell them what they could have, within the 
general conception of the aircraft, not to ask 
them for a detailed specification. 


He disagreed entirely with Mr. Edwards’ 
suggestion that civil aircraft should be 
derived from basic military types. The 
idea that civil operators should go along to 
D.O.R. at the Air Ministry, tell him what 
they wanted and then have a detailed 
specification drawn up was to him quite 
fantastic. Surely the thing that they were 
all suffering from was too much second-hand 
information. The real need was for the 
closest possible contact between the operator 
and the manufacturers, both for military and 
civil aircraft. 

In the design of a civil transport aircraft 
economy of operation was the first con- 
‘ideration. A transport aircraft designed for 
the R.A.F. Transport Command might have 
many other considerations taking precedence 
wer economy, such things as very large 
loading doors, floors to take the weight of 
guns and jeeps, parachute troop require- 
Ments, glider towing, and a host of other 
purely military needs, which would all tend 


to make the aeroplane either unsuitable, 
or at least uneconomical, for civil use. 

In addition to these military needs the 
aircraft would not have proper emphasis 


given to airline requirements. Such things 


as pressurisation and air conditioning, 
adequate silencing and all the host of smaller 
things which made the modern air liner 
would either not be considered at all, or else 
have to take second place to the military 
needs. 

He could not imagine the Queen Elizabeth 
having been built to an Admiralty specifica- 
tion as a troop transport and then handed 
over to the Cunard Company to operate on 
the Altantic passenger service, or even 
having been built as a prototype and then 
never going into service. 

W. E. W. Petter (Chief Engineer, English 
Electric Co. Ltd., Fellow): The author had 
done well to underline the fundamental out- 
look which a Chief Designer or Technical 
Director must have, namely, that his first 
job was to maintain the activities of the full 
organisation of which he was the spearhead. 
The design of aeroplanes was not his only 
job in life. He had to keep the place in 
work, sometimes developing a new type and 
sometimes an existing one; otherwise the 
organisation he controlled, the factory on 
which he relied, would not remain in being 
at all. 

The limitation of costs depended very 
much on the quality of the staff; the appoint- 
ment of a high quality staff, and not 
necessarily a large staff, was one of the best 
possible means of ensuring that an aeroplane 
could be produced quickly and at the right 
cost, by getting the design right first time. 

He did not agree entirely with Mr. 
Edwards about the control of the experi- 
mental shop, although their difference was 
probably just a difference of emphasis. He 
felt that there must be one person responsible 
for getting a job out at the date promised, 
and the only person for that job seemed to 
be the person responsible for the design. 
Therefore, the Chief Designer or Technical 
Director, or whatever he was called, ought 
to control the experimental shop as well as 
the designers. He was not worried very 
much that that person might not personally 
know all about trade union problems; there 
were many things that such a person could 
not do; usually he could not fly a military 
aeroplane at 600 m.p.h., but he managed to 
run his team in spite of such disabilities. 
The experimental shop was an extension of 
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the drawing office and the integration must 
be absolutely first rate if there were not to 
be waste of time and delay in implementing 
the programme. A programme was not 
inflexible; it had to be adjusted from day 
to day in order to meet new situations and, 
therefore, there should be a single unified 
control. 

He supported the author’s proposal that 
D.O.R. officers, to whom the Industry owed 
so much, should remain in office for a longer 
period so that they could be able to apply 
their experience. He agreed also that the 
number of personnel in the Aerodynamics 
Department should represent more than 4.5 
per cent. of the total; he suggested that it 
should be at least 7 per cent., or perhaps the 
author was right in suggesting 9 per cent. 

He suggested that the loft might help to 
save time; could not some of the detail 
drawings be eliminated by putting them into 
the loft straight off project schemes? His 
Company were doing that with a certain 
amount of success, and he would like Mr. 
Edwards’ opinion on the matter. 

S. Scott Hall (P.D., T.D.(A.), Ministry of 
Supply, Fellow): He agreed entirely with Mr. 
Edwards that they could not afford waste in 
the shape of complexity, but he felt that in 
the paper there was a hint of putting the 
clock back and he thought that they could 
not possibly do that. The aeroplane was 
not the only vehicle which had become more 
complicated than formerly. If Nelson’s 
Victory were compared with the modern 
battleship the same sort of development 
would be noted. It seemed that they had to 
look carefully for the compensations offered 
by developing art and industry. In the early 
days every aeroplane had to go through the 
full gamut of trials at Martlesham Heath 
because the constructing firms were not 
equipped to do the tests. Mr. Edwards had 
suggested that this was no longer the case 
and he thought that no one would dispute it. 

Why did they order a number of aero- 
planes to one specification? He suggested it 
was because they were still afraid that out 
of this number they might find only one 
which was a good aeroplane. This policy 
itself led to a tremendous dispersion of 
effort; they should soon be able to move 
away from it and concentrate on fewer 
projects, he hoped. The paper was written 
in the atmosphere of the present time; but 
they were in a phase of tremendous change 
in aircraft and power plant design, and an 
appreciation of that fact would perhaps put 
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a different complexion on some of the 
remarks Mr. Edwards had made. 

He did not agree that it was easier to 
specify civil requirements than military 
requirements. The uncertainties of aero- 
drome facilities provided by foreign govern- 
ments and all the other complexities of 
operation might well make the problem 
more difficult. Moreover, competition was 
just as fierce and success or failure dependent 
on more obscure factors. 

Mr. Edwards had put his finger right on 
the spot when he had said that the whole 
crux of the business was to get the aeroplane 
right the first time. That was largely 
dependent on the quality of the staff and, 
above all, on the quality of the Chief 
Designer. He believed the aeroplane which 
Mr. Edwards had illustrated was right first 
time, and this led to the greatest possible 
saving of development effort. 

Professor R. L. Lickley (College of Aero- 
nautics, Fellow): He paid tribute to the 
commonsense which Mr. Edwards 
displayed in his paper, but disagreed on one 
or two matters. 

The first had been tackled already in some 
measure by Mr. Petter, that the Chief 
Designer should run the experimental shop. 
He felt that only the Chief Designer could 
run it; Mr. Edwards himself had said that 
the experimental shop was part of the 
drawing office and should be run as part 
of it. Only in those circumstances could 
the prototype be produced within the time 
promised. He was particularly interested in 
Mr. Edwards’ suggestion that there should 
be a small drawing office in the experimental 
shop; that was an extremely good idea, 
particularly if the people from the drawing 
office were changed from time to time as the 
job progressed, for thereby all the draughts- 
men would be enabled to see the aeroplane 
as it was being built. Again, the suggestion 
that the mock-up should be under the care 
of the project office was good; but it would 
be satisfactory only if the Chief Designer 
controlled the experimental shop. 

Mr. Edwards had emphasised the 
importance of sound thought in the early 
stages, but he would also emphasise that 
these stages must not be telescoped in a 
mistaken desire to hasten the first flight. 

Did Mr. Edwards consider that conver 
sions should be given prominent attention in 
the early stages, i.e. in the project stage of 
the first aeroplane, or whether they should 
come later? This might mar a design, but 
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unless considered then later conversion 
might be impossible. 

He could not agree with Mr. Edwards 
on the question of breakdown of staff. As 
he had pointed out in his lecture* he 
favoured the removal of walls and the use 
wherever possible of people who were not 
limited in outlook to aerodynamics or 
stressing or any other single subject. 

For research aerodynamics problems and 
for running wind tunnels, aerodynamicists 
were needed, but the general aerodynamics 
problems connected with loadings, control 
forces and so on should be handled in the 
main technical office. This produced men 
with good general experience capable of 
going on to the Project Office and to 
Assistant Designer posts. Without men of 
this all-round type, the improvements in 
design times that Mr. Edwards and all of 
them were looking for would be difficult to 
achieve. 

A. E. Woodward Nutt (D.C.A.R.D., 
Ministry of Supply, Fellow): A point to 
which Mr. Edwards, perhaps through 
modesty, had not given sufficient weight was 
that of the designer’s “ flair.” He could not 
help feeling that something more than a 
strong design team which would follow 
rule-of-thumb methods was wanted, for 
things would not automatically come right 
in those circumstances; they wanted that 
extra flair as well. It was true that they 
had developed ‘“ George” the automatic 
pilot, but he did not believe in any such 
thing as ““ George” the automatic designer. 

In his view Mr. Edwards was right when 
he had stated that, unless there were reduc- 
tion of costs, no manufacturing organisation 
in the world could afford to build civil aero- 
planes; the only solutions were a State 
subsidy in some form or the basing of civil 
aeroplanes on military ancestors. The latter 
was anathema to a civil aircraft operator, 
but although a number of factors were 
fundamentally different between the military 
and the civil aeroplane, they must face up 
to the situation and appreciate that, by 
adopting that alternative, the lower initial 
cost of the ultimate aeroplane and the 
reduction in its maintenance costs due to 
accumulated experience would largely off- 
set the extra running costs of an aeroplane 
which might not be quite so efficient as the 
ideal civil type for the job. He would like to 
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hear more views from operators on that 
matter. 

He referred to the graphs showing the 
selling price for different sizes of aircraft, 
and said he would have been rather inclined 
to draw a Straight line through the points, 
leaving a horizontal line for the selling price 
per lb. The author had suggested that the 
line indicating the selling price per lb. would 
fall off at both ends, but he thought that at 
the small aircraft end the extra cost of build- 
ing would be offset by the larger number of 
aircraft sold, and that the very big aircraft 
at the other end would be sold in very small 
numbers. Indeed, he felt that the very big 
aircraft might prove to be much more 
expensive per Ib. than the smaller sizes. 

Although Mr. Edwards had urged that 
the maintenance factor should be watched 
throughout, he had not suggested any 
specific way of doing that. It had been 
suggested in some quarters that there should 
be a sort of maintenance cell in the design 
office, concentrating on that matter, in much 
the same way as there was a weight control 
section. He would like Mr. Edward’s views 
on that suggestion. 

S. D. Davies (Chief Designer, A. V. Roe 
and Co. Ltd., Fellow): He thanked Mr. 
Edwards for having so ably expressed the 
thoughts that had been seething in his own 
mind for the past year or two. 

In particular, Mr. Edwards had made it 
clear to the customers, whether they be 
Ministries, airline corporations or private 
buyers, that the design and development of 
a successful aeroplane was not a matter that 
could be decided by calculations, but rested 
to a far greater degree than apparently was 
understood in some quarters, on judgment 
or common sense, the organisation of the 
manufacturer and even, to quite a large 
extent, on the human relationship existing 
in a design team and the remainder of the 
manufacturer’s organisation. 

He agreed whole-heartedly with nearly 
everything that was stated in the paper—in 
particular the author’s remarks on the over- 
elaboration of equipment, his suggestions for 
basing future civil aircraft on a previous 
military specification, his views on the con- 
struction of prototypes and his final 
suggestion concerning flight testing being 
made the responsibility of the constructor. 
The paper also emphasised the need for 
speed in getting out the prototype, once the 
basic design had been settled; and in that 
connection past experience had proved that 
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time saved was money saved. The short- 
sighted policy of restricting overtime was 
more expensive in the long run than the 
“ blitz” technique of getting all the labour 
possible on the job and keeping the 
enthusiasm of both the design office and the 
works personnel at top pitch. 

Mr. Edwards was in favour of the 
simplest experimental jigs which were 
demountable. His own organisation had 
found that no delay was entailed, but con- 
siderable advantage gained, by 
arranging for the experimental shop to build 
the necessary jigs for the assembly of the 
main components in such a form that, if 
necessary, they could be handed over to 
production. After all, with either method 
the main locating points had to be correctly 
machined and located, and that was the 
major expense in time and money. The 
issue was whether the framework carrying 
those points should be a temporary scaffold- 
ing arrangement or a more rigid structure 
divorced from the building and capable of 
being moved. In.all cases his organisation 
used fabricated steel rafts to carry the jigging 
points, and reduced the number of sub- 
sidiary locations for ribs and the like to an 
absolute minimum. Advantages were 
derived in the experimental shop by having 
the jigs made by the fitters who were 
eventually to build the aircraft. It might 
well be that local circumstances affected that 
issue, for possibly the labour available was 
still more at home with half-inch steel plate 
and arc welding them into jig assemblies, 
than with the somewhat more finicky air- 
craft structures. 

He agreed with Mr. Edwards that the 
Chief Designer should not control the 
experimental shop; it was perhaps signifi- 
cant that their two Companies, with com- 
pletely different traditions, 200 miles apart 
and with no contacts of a business kind, 
happened to have almost identical organisa- 
tions on the design and experimental side 
and in the relationship between that side and 
the works. The results shown by Mr. 
Edwards indicated that there was not much 
wrong with the system. 

In order to make this work it was 
necessary that the man in charge of the 
Experimental Department should have a 
good technical background and preferably, 
fairly full design office experience, in order 
that the department would not become a 
mere manufactory of bits and pieces. He 
would soon learn how to deal with shop 
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stewards and other labour matters if he were 
the right type who could get on with all his 
colleagues from the highest to the lowest. 

The development of a civil aircraft from 
a military design had been criticised in the 
discussion. He had felt that it was a good 
idea, but he confessed that he had had in 
mind that the first machine would be a 
military transport. With that proviso, he 
imagined that even civil aircraft operators 
would hardly disagree. 

Those who had suffered in the cause of 
civil aviation were somewhat bewildered at 
the moment; they often wondered what had 
hit them! It seemed to him that the funda- 
mental trouble was that the whole Industry 
and organisation were geared for dealing 
with military aircraft, and usually for one 
customer at that. In designing a successful 
military aircraft they were concerned mainly 
with the aerodynamic and structural concept 
which would carry certain equipment, with 
the tacit understanding that that equipment 
was guaranteed to work, provided it was 
installed in accordance with the instructions 
issued by the customer, i.e. the Ministry. 
Consequently they were free to devote their 
entire energies to solving those problems for 
which they were equipped to deal. In the 
case of civil aircraft, however, the manu- 
facturer was responsible for the aircraft as 
a complete whole, and consequently the 
problems of passenger comforts, which 
sounded to be so small, had to be solved 
simultaneously with the — engineering 
problems, if the operator were to be satisfied. 
When they added the fact that in the recent 
past the operators had been aiming con- 
sistently at a higher standard than anything 
now current on competing air liners built in 
America, it was easy to see that they had 
been trying to run before they could walk. 

If in the past few years arrangements had 
been made that the interim aircraft were to 
be handed over to the operators completely 
unfurnished, leaving them the responsibility 
of completing the interiors to their own and 
the passengers’ satisfaction, there might 
have been a rather different and, he believed, 
healthier attitude on that problem. ; 

At present they were in a rather interesting 
position for they had a breed of Brabazon 
prototypes, covering almost the entire range 
of civil air liners, approaching completion, 
and he suggested that that was something 
they would never repeat because they would 
not be able to afford it. If all the aircraft 
were as successful as their sponsors thought, 
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and if commercial markets could be found 
for them, as all hoped they would, it was 
difficult to see them being replaced much 
earlier than ten years from now. It was 
equally difficult to imagine that during that 
time, Great Britain would be able to finance 
replacement aircraft purely for the civil 
market. 

There seemed no escape from the sug- 
gestion made by Mr. Edwards that if civil 
aviation were to be commercial, future air- 
line aircraft would have to depend to a large 
extent on the development of similar military 
prototypes. That would enable the basic 
engineering of the airframe to be fully 
established before launching once more into 
the weighty questions of the correct pastel 
shades of paint for the ladies’ powder room 
and the precise shape of the passenger’s 
reading lamp! 

F. O. Thornton (Associate Fellow), Con- 
tributed: The lecturer emphasised the need 
for reducing the cost of development. All 
would agree but need alone was not suffi- 
cient to produce results. To encourage low 
costs by competition in development would 
involve building several competing proto- 
types for each specification. This might 
produce a low cost per type but to have 
several types per specification would be a 
ridiculously expensive way of achieving it. 
What in fact was the incentive to reduce 
development costs? 

The lecturer stressed the need for “a 
flexible design and experimental organisa- 
tion.” Did Mr. Edwards think that a 
flexible organisation was the product of a 
quality of mind or mental outlook possessed 
by individuals who made up the team, or 
could the organisation itself make a positive 
contribution towards this end? His own 
experience would suggest that organisation 
could do no more than prevent a brake being 
put on the individual. If organisation could 
achieve that, it was of a very high level 
indeed. 

While agreeing with Mr. Edwards that it 
was Of paramount importance to stress the 
four words “ in a given time ” in connection 
with forecasting requirements, he disagreed 
that “the people best qualified to make that 
‘timate are the designers themselves.” 
Experience showed that firms’ own estimates 
Were frequently wide of the mark. It was 
more usual for the time estimate to be 100 
Pet cent. out than for an aircraft to fly on 
lime. The Air Staff could hardly be blamed 
if they wanted better advice than that. 


Two factors made for bad estimates and 
it was difficult to see how firms could alto- 
gether avoid them. The first was the firm’s 
natural desire to obtain a contract for their 
design, and second was the incurable 
cptimism of Chief Designers. Incurable 
optimism on the part of Chief Designers was, 
he believed, essential to getting an aircraft 
designed quickly, it might even be essential 
to getting an aircraft design at all, but was 
it not asking too much for the leopard to 
change its spots when it came to making a 
realistic time estimate? He was not sug- 
gesting that Chief Designers should be 
anything but optimistic, but that they were 
not the best people to make realistic time 
estimates. 

The degree of optimism varied consider- 
ably from one Chief Designer to another, 
and the Air Staff could best allow for this by 
comparing the firm’s own estimates with 
impartial estimates made on a common 
basis. This by no means implied that the 
firm’s own estimates were not essential, but 
it did imply that by themselves they were 
insufficient and that they needed to be com- 
plemented by impartial estimates. Would 
Mr. Edwards agree with this? 

Mr. Edwards had suggested that the 
average percentage of aerodynamicists for 
the Industry might well be doubled. Even 
in the U.S.A. co-operative wind tunnels were 
necessary because of the great expense 
involved and would this not also be the case 
in Great Britain? A single firm adequately 
equipped with wind tunnels for its own 
exclusive use would certainly need more 
than 4.5 per cent. aerodynamicists on 
its design staff. Nine per cent. seemed on 
the high side for such a firm, but even if 
this were accepted the average for the 
Industry would be much less if co-operative 
tunnels were to be the accepted practice. 
Looking ahead a few years, the supply of 
aerodynamicists from the universities seemed 
far more likely to meet the demand than did 
the potential supply of stress men. The 
amount of stressing required was continually 
growing, stress men were already a bottle 
neck in a majority of firms and the future 
supply was far from encouraging. If the 
aerodynamic strength of the Industry as a 
whole were to be doubled, he doubted if all 
the designs they would produce could 
materialise due to a shortage of stress men. 
Did Mr. Edwards not think that a shortage 
of stress men was even more serious than any 
shortage of aerodynamicists? 
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Air Commodore D. F. Lucking (Ministry 
of Civil Aviation, Fellow), Contributed: The 
lecturer, with characteristic humour, had put 
up one or two cockshies to be thrown at, 
but he had also put into words what had 
been in the minds of many when he criticised 
the effort put into the furnishing and finish- 
ing of an aircraft that had not even flown, 
let alone proved its airworthiness and good 
performance. By emphasising the smallness 
of the effort required to convert an old air- 
craft for a new role, the lecturer implied that 
the basic design should be flexible, whereas 
there had been a marked tendency for the 
Corporations to call for a specialised aircraft 
for a given route. 

Unfortunately, in this changing world even 
route characteristics could not be foreseen, 
as they were affected by political as well as 
physical influence, and if the lecturer meant 
that they should design for maximum 
flexibility, he heartily agreed with him. The 
benefits to the manufacturer were obvious, 
but the indirect benefits to the operator of 
using an aircraft that appealed to a wide 
market were often overlooked. 

Far from agreeing with some of the 
speakers who said it should be easy for an 
operator to say in detail what he would 
want in 5 to 10 years, he would say it was 
quite impossible, and that the only counter 
to this uncertainty was a flexible basic 
design. Nevertheless when the lecturer 
spoke of basing civil designs on military 
requirements he thought he was impishly 
putting up a cockshy, and although it was 
quite likely that basic designs for two 
extreme types, the heavy freighter and the 
light trainer-cum-communication aircraft, 
could serve both military and civil purposes, 
yet in general military and civil require- 
ments were likely to diverge rather than 
converge as time went on. 

W. G. A. Perring (Director, Royal Air- 
craft Establishment, Fellow), Contributed: 
The paper could be summed up by the 
phrase build the basic aircraft right and build 
the right basic aeroplane. While everybody 
recognised the importance of building the 
basic aeroplane right and was beginning to 
appreciate the need for wind tunnel work, 
strength testing and rig testing of all kinds 
in this connection, he felt that not enough 
time was spent on making sure that they 
were building the right aeroplane. It would 
pay a handsome dividénd in time and 
money, and would result in much less dis- 
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appointment all round, if on occasions they 
made haste more slowly. 

Even when making sure that the aeroplane 
was basically right, they seldom gave enough 
time to the model and strength testing, and 
the naturally impatient designer forged 
ahead only to find that the aircraft had too 
little stability, the airframe wanted strength- 
ening or stiffening, the drag was 
unfortunately too high, the nacelles caused 
loss of lift or buffeting and had to be 
re-designed. All these things and many 
more could be picked up in the early stages 
of the design if they concentrated more 
effort on model testing; the country lacked 
both tunnels and staff for the work and was 
paying dearly for failing to provide the 
designer with those services. 

Mr. Edwards had given an admirable plan 
for maintaining a steady load of work on 
the Design Office, Experimental Shops and 
production. Nobody could afford to neglect 
the advantages that could be gained by the 
intelligent development of a good aeroplane. 
Such development seemed to him the best 
way of meeting the needs and cheapening 
aircraft for civil operation, but he doubted 
if at the present time they could profitably 
pursue a similar course so far as military 
aircraft were concerned. In this field, quite 
new and unknown problems faced the 
designer and scientist alike, and even the 
experience of the past provided little 
guidance when deciding on the right basic 
aeroplane. 

E. R. Major (Associate Fellow), Con- 
tributed: He disagreed with the statement 
that civil aircraft had always been preceded 
by a comparable service type. The DC-3, 
4 and 6, Constellation, Convair, Martin 202, 
Short “C” Class, DH.89 and Dove, were 
all designed purely as civil types—in fact, 
some successful military types had been 
evolved from them. 

The Valetta, produced by Mr. Edwards’ 
own firm was, in effect, a military conversion 
of the Viking, and presumably would 
embody the lessons learned from civil 
operators’ experiences. } 

He agreed that economic necessity might 
force civil operators to take civil conversions 
of military types, but thought that if this 
were envisaged when the basic type was 
designed, the very different needs of civil 
operators should be borne in mind. 

A life of five years and an annual utilisa- 
tion of 1,600 hours gave a civil aircraft a 
life of 8,000 hours. The military aircraft 
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fom which current civil types were 
developed, certainly did not amass anything 
like this total before retirement, and even in 
peacetime, although they might iast longer, 
they still did not have anywhere near the 
fying life. As a result, defects which 
cropped up at, say, 500 or 600 hours on a 
military type did not have the same signifi- 
cance aS the same defect on _ the 
corresponding civil type; in the latter case 
it might necessitate changing the defective 
item ten or fifteen times in the life of the 
aircraft. 

All parts subject to wear, therefore, should 
be designed for a specified “ life °—at least 
2000 hours was desirable. This should 
include all control surface hinges, flying and 
engine controls, undercarriage pivots, door 
hinges and so on. Many such parts which 
were currently being replaced at frequent 
intervals on civil conversions from military 
lypes, were identical to the parts fitted to 
the original military type and which, the 
civil operators were usually told, “gave no 
trouble.” 

Mr. Edwards had deprecated the sugges- 
tion of a design for maintenance “cell” in the 
Drawing Office, and said he would prefer to 
instil the idea of ease of maintenance into 
each draughtsman, This would be ideal, but 
the draughtsman had many other require- 
ments to bear in mind; many maintenance 
difficulties were caused, not by one particular 
draughtsman, but by lack of co-operation 
between two draughtsmen on _ different 
installations, and the absence of any one 
person responsible for the overall design 
fom the maintenance standpoint. 

D. R. Newman (The de Havilland Aircraft 
Co. Ltd., Associate Fellow), Contributed 
The reports of the British Airline Corpora- 
tions had often stressed the point that their 
operating losses were partly due to the fact 
that they had been forced to operate con- 
verted military aircraft instead of genuine 
civil types. In view of this, it was somewhat 
surprising that Mr. Edwards should now 
advocate that future civil aircraft should be 
derived from basic military designs. 

He believed that a major contribution 
towards making civil aviation self-supporting 
would be to tone down the atmosphere of 
luxury that surrounded air transport. If 
their air services were to enter the mass 
market, “third class” services would be 
Necessary, just as the railways could never 
exist On first class traffic alone. The present 
Success of austerity “sky coach” services at 
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cheap fares in the U.S.A. was a good 
example. 

The contrast between comfort standards 
of air and surface transport was striking. 
Road coaches in which passengers sat four 
abreast for journeys of up to, say, two 
hours, were limited by law to 7 ft. 6 in. 
overall width. Yet aircraft such as the 
DC-3 with about this body width, which 
were used for two-hour journeys never had 
more than three seats in each row. They 
were aiming at standards of temperature and 
humidity control in aircraft which were far 
better than those in the offices in which most 
of them had to work. Perhaps one reason 
for this emphasis on luxury might be found 
in the fact that a large proportion of those 
who travelled by air did so on an expense 
account, and therefore had no direct interest 
in the reduction of fares. 

Handel Davies (Royal Aircraft Establish- 
ment, Fellow), Contributed: He was glad 
that Mr. Edwards had drawn attention once 
more to the urgent need for more wind 
tunnels and research aircraft if they were to 
hold their own in aeronautical development 
in the future. There was much to be said 
for the demand that the Industry should 
build for itself high speed wind tunnels in 
order to relieve the load on the research 
establishments. He would suggest, how- 
ever, that in Great Britain, unlike the United 
States, their resources, particularly in tech- 
nical man-power, were so limited that they 
must be constantly on guard against any 
excessive spreading of those resources. The 
building by the Industry of ambitious high 
speed tunnels, needing a large staff of 
experienced and highly qualified scientists 
and technicians to make full use of them, 
could be justified only if the co-operative 
idea were carried much farther than in the 
case of the Pasedena Tunnel. They could 
not afford to have high speed tunnels 
operating for the exclusive use of individual 
firms or even perhaps groups of firms unless 
those groups were large. 

Their best chance of keeping abreast of the 
United States was to ensure that their very 
limited resources were constantly used to the 
best advantage and that there was the 
minimum of overlapping in research and 
development work consistent with the main- 
tenance of a healthy competitive spirit. Did 
Mr. Edwards agree with this point of view? 

J. E. Serby (D.M.A.R.D. Ministry of 
Supply, Fellow), Contributed: It seemed to 
him to be implied in much that Mr. 
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Edwards had said, that there must be a fair 
amount of good planning if things were to 
go as well and as swiftly as all hoped. It 
was the fashion these days to decry plan- 
ning and targets, but he was sure when it 
came to designing and building new aero- 
planes a lot of good planning quietly went 
into the best of them, and he suspected Mr. 
Edwards had been ever-modest there. The 
matter did not stop at planning; analysis 
of past and current effort was also essential 
and the lecturer had given some most reveal- 
ing figures obtained from such analysis. He 
suggested that if analysis and planning on 
these lines were more widely done, it would 
be an advantage. 

The Ministry of Supply had been explor- 
ing the possibility of flight test approval for 
some time now. They would have to start 
in a small way but it seemed clear that 
greater use of properly conducted firms’ 
flight trials would have to be made in order 
to relieve Boscombe Down, 

Mr. Edwards suggested that the views of 
designing firms should be sought before 
specifications for new aircraft were finally 
drawn up; he could assure him that this was 
already standard practice in the more novel 
types of aeroplane that were laid down. A 
mere outline of the user’s wishes was sent 
to a number of firms for them to prepare 
design studies which showed what was really 
possible and how the specification should be 
developed in detail. 

He disagreed with the proposal that civil 
aircraft could be developed from military 
ones. Surely this could only apply in the 
field of military transport aircraft and the 
R.A.F. did not need—and in any case could 
not afford—more than a very few transport 
or freighting types, and judging by the 
number of new types which the civil Cor- 
porations seemed to call up he would think 
that they could not possibly exist merely 
on conversions of that very limited number 
of military types. 

Dr. G. S. Hislop, (British European Air- 
ways, Associate Fellow), Contributed: The 
airline operators shared Mr. Edwards’ regret 
that extensive pre-operational trials of new 
aircraft were necessary, but not until 
aircraft design became a much more exact 
science would it be possible to dispense 
with them. The history of recent civil 
aeroplanes, both British and American, 
entering operational service showed only 
too clearly that the prototype and 
development trials usually conducted by 
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manufacturers and government establish. 
ments, did not necessarily find all the faults 
in an aeroplane. The withdrawal of the 
Constellation, DC-6, Viking and Martin 
202 aircraft for varying periods shortly after 
entering airline use illustrated this point. 

During the war the need for pre-opera- 
tional trials, conducted by the operators, 
became very clear and led to the formation 
of an Intensive Flying Development Flight 
in the Ministry of Aircraft Production. This 
Flight functioned by taking a smal! number 
of the new type of aircraft, drawing the 
necessary air and ground crews from 
operational commands, and flying the air- 
craft really hard until either the machines 
“cracked” or at least 150 hours’ flying was 
done on each. Many valuable lessons were 
learned and although the Flight was based 
at Boscombe Down, its tests were comple- 
mentary to the normal prototype and 
development tests of the Aircraft and 
Armament Experimental Establishment, also 
at Boscombe Down. 

Thus, both wartime military and present 
civil experience underlined the necessity for 
pre-operational trials of a new type of air- 
craft over a considerable period of flying 
hours. Nevertheless, it was not necessary to 
await the results of such trials before order- 
ing production aircraft. Enough should be 
learned from prototype trials to indicate 
whether an aircraft was basically sound or 
not, and the decision to begin production 
need not be deferred later than this stage. 
Furthermore, it was better that the trials 
be made with early production aircraft, both 
from the economic and practical viewpoints. 
The important point was to do the trials 
before the type entered service. 

Mr. Edwards’ comments on the ten year 
replacement plan, “ being discussed in the 
British Corporations,” rather suggested that 
the constructor should be kept in business 
at the expense of the operator. 

At the present time, one of the crying 
needs of airline operators was to have good 
aircraft which could remain economic 
propositions for at least tea years, other- 
wise the proportion of the fares required to 
pay off the capital and development charges 
became altogether too great. This resulted 
in either the charging of uneconomic fares 
to attract the air traveller, or driving him 
away because fares were too high. In any 
case the up-shot was that a heavy subsidy 
was needed to keep the airlines going. 
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Not until aircraft with economic operating 
lives Of at least ten years became available 
would airlines stand a chance of being really 
glf-supporting and thus relieve the taxpayer 
of a heavy burden. To replace aircraft at 
shorter periods, mainly to keep aircraft 
manufacturers’ works employed, was surely 
robbing public Peter to pay private Paul. 

Mr. Dykes (Deputy Chief Project Engineer, 
British Overseas Airways), Contributed: 
Mr. Edwards courageously stated that 
slected firms in the Industry should be 
consulted at an early stage in order that the 
feasibility of various sets of requirements 
should be ascertained before the require- 
ments as a whole were submitted to the 
Industry. From the point of view of the 
civil operator, this was essential and there 
had been several cases where requirements 
could have been materially improved by 
this process. 

The statement that civil aircraft so far 
employed on the world’s airlines had always 
been preceded by long service in the Air 
Forces by a comparable type, was mis- 
leading. To the best of his knowledge, four 
of the six or eight really great civil aircraft 
which had had a useful service life of ten 
years Or more, Originated as civil transports. 
There was the Handley Page H.P.42 
Hannibal class, the Short $.23 Empire Flying 
Boat, the Douglas DC-3 and the Junkers 
JuS2. Even the design of the two aircraft 
quoted by Mr. Edwards, the Douglas DC-4 
and the Lockheed Constellation, both had 
their origins in requirements of civil 
operators, namely American Airlines and 
T.W.A. With all deference to Mr. Edwards, 
for this and others reasons, he could not 
agree that the future procedure should be for 
civil aircraft to be derived from the best 
military types. 

He would also like to suggest that Mr. 
Edwards’ statement that in America a breed 
of engineers had grown up with a general 
knowledge of aerodynamics, as opposed to 
aerodynamicists with a knowledge of general 
engineering, was because in the most 
reputable universities in America, aero- 
dynamics was only taught as a post graduate 
course, after a B.Sc. had been obtained 
in Mechanical Engineering. 

Was the effect of ambient air temperature 
considered in assessing performance, par- 
tcularly in relation to cruising performance? 
Recent studies had suggested that the 
reduction of range in above standard 
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temperatures might be sufficient to cause 
serious limitation in some designs. 

Squadron Leader E. Coton (Royal Air- 
craft Establishment, Associate Fellow), 
Contributed: Although he did not directly 
say so, Mr. Edwards seemed at one point to 
be taking another tilt at the single rotor 
turbine and the devices needed to frustrate 
its natural tendencies when it failed. He 
agreed about the fundamentally safer free 
propeller drive, yet it had the shortcoming, 
a serious one for instrument approach, of 
poor thrust control. The penalty resolved 
itself into either higher approach speeds (to 
get on to a steep part of the drag air speed 
curve) or the weight and complication of a 
drag control for the pilot (human or 
“George”). He had not heard of any other 
way out. If a future jet aircraft, with an 
enormous induced drag coefficient were 
contemplated, the drag control seemed 
attractive as it was almost all there anyway 
in the form of an air brake. 

With a Viscount-type of aircraft, did not 
Mr. Edwards think the poor thrust control 
or its cure would be worse than the devices, 
such as extra pitch stops, auto-feathering, 
and the like, of the single rotor engine? 
Personally, he would like to see a drag 
control, as he thought it would set a new 
standard in controllability of powered air- 
craft, and he did not favour a power 
installation, however well guarded by safety 
devices, which, by itself, against the com- 
bined efforts of three of its fellows, could 
drag a fully I1.C.A.O.-ed airframe down to 
earth. 

Under the heading of Military and Civil 
Requirements Mr. Edwards seemed to be 
inviting the Air Ministry to order an 
occasional civil type. If, in the light of the 
existing military situation, a civil type would 
near enough meet some Air Force need, 
then he thought the Government could 
pursue no better course. Even when the 
Imperial hobby of civil aviation became 
an Imperial profession, it would still pay 
in the long run to subsidise it from the 
modernisation angle. In other words, five 
year replacement instead of ten year should 
be planned as a dividend from the cost of 
keeping design and production teams in 
being. 

R. C. Morgan (Chief Project and Develop- 
ment Engineer, British European Airways, 
Associate Fellow), Contributed: Mr. Edwards 
referred to “the apparent inability of the 
operator to give clear cut decisions on | 
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relatively small features”; to the “respect 
which the manufacturer’s design team holds 
for its opposite numbers in_ operators’ 
Project Branch”; and, when delivering the 
lecture, to the priority over matters of safety 
given to a modification to prevent the 
stockings of the stewardess being torn. 

It appeared that all concerned felt that the 
aircraft in question was unusual in that, 
while designed, constructed and flown very 
quickly, it was right first time. Mr. Edwards 
deserved all credit for this achievement and 
those who were privileged to work so closely 
with him on the project had no doubt how 
much of the success was due to his own 
personal drive and initiative. It would seem 
possible, however, that co-operation with the 
operator did not, in this case, prove such a 
stumbling block. The following quotation 
from an article on the Viscount in The Aero- 
plane of 20th November 1947 was of interest: 
* Probably for the first time in this country, 
a user, one of the English airline operators, 
has been afforded the opportunity of 
co-operating to the full from the beginning 
in the design of an aircraft.” 

With regard to the modification to prevent 
the stockings of the stewardess being torn, 
surely no one would deny the importance 
of nylons? That this modification did not 
over-ride safety considerations was shown 
by the following:— 

Out of a total of approximately 1,600 


modifications on the Viking:— 
Approx. 
per cent. 


Mods. with a direct or indirect bear- 
ing on safety wes 


Mods. with a direct bearing on 
economy 
Mods. to furnishings and the like ... 6 
Mods. to ground equipment ee | 
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Those modifications, of course, on a conver- 
sion from a military type! 

It might be therefore, after all, that the 
best solution was the design of a new civil 
type with full co-operation from the begin- 
ning with an operator, particularly if that 
co-operation were as good as existed between 
Mr. Edwards’ staff and his own on _ the 
Viking and the Viscount. 

He had no doubt that other contributors 
would deal fully with the many controversial 
statements in the lecture, and he wished to 
emphasise that any opinions expressed were 
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his own and did not necessarily represent 

the views of his employers. 

B. S. Shenstone (British European Air- 
ways, Fellow), Contributed: Mr. Edwards 
wondered why civil aircraft operators could 
not forecast their requirements better than 
military users. It was obvious how change- 
able military requirements were. This fact 
was a tremendous advantage to the aircraft 
manufacturer, for it gave him so much 
breathing space. Often the final military 
aircraft was very different from its original 
specification. In addition many military 
types were used for duties very different from 
those originally planned. If a high altitude 
fighter were not quite up to scratch it might 
be used for “train-busting” and an 
inadequate bomber might become a military 
transport. The R.A.F. had so many uses 
and its requirements were so wide and 
changing that almost anything could be 
used. Thus the military aircraft designer 
knew that: 

(a) If requirements changed during develop- 
ment he had still a fair chance of selling 
his aeroplanes. 

(b) Even if he “dropped a medium size 
brick” he had a sporting chance of the 
R.A.F. finding a use for his product. 


The civil operator had only one use: to 
carry a load from “A” to “B.” If, when he 
got the aircraft it would not reach “B” or 
carry enough load, he or somebody else had, 
as they now said, “had it.” The operator had 
no other duties for it. If an operator, think- 
ing ahead, assumed on the best authority 
that certain navigational aids would be 
available in a few years time and _ based 
an aircraft specification on such assumption, 
he was doing nothing unreasonable. If the 
developments did not occur the aircraft 
might not be usable. It was as clear-cut as 
that. The complaint should not be that 
the civil operator was woolly, but that what 
he wanted was too clear and too simple. 
His tolerance was too fine. He would 
never make a great deal of money and he 
was in danger of losing the lot. The 
simplicity of the problem was in the 
£ s. d. To be a success the civil aircraft 
must pay on the routes for which it was 
designed, or at least lose less than other 
available types. To fulfil such a clear 
requirement was very difficult. 

It was too bad that Mr. Edwards had 
tended to generalise from a_ particular 
failure. Particularising on his own successes 
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would have shown a brighter picture. 
He had quipped about nylons, but he 
was sure Mr. Edwards realised the impor- 
tance Of them. AQ series of torn nylons 
could cause an airline such trouble and cost 
that the best solution was to modify the 
aircraft. 

Most accidents appeared to be caused by 
the human factor and seldom by failure of 
automatic devices. Mr. Edwards’ anti-Bain 
complaints about automaticity were more 
directed to badly designed automatics than 
to removal of the human factor. If auto- 
matics were too heavy and did not work 
they were useless, but let them have good 
automatics so that their future cockpits 
would indeed approach the simplicity of the 
Tiger Moth. 

Both designer and operator were conscious 
of the necessity for low weight and 
austerity, but even in these times there was 
competition. The result was that standards 
of comfort and safety rose and those who 
were left behind were lost. Only on strictly 
non-competitive routes could austerity be 
imposed with impunity; even then complaints 
were loud about seating and lighting. They 
could be ignored but the result would be 
that far more fundamental complaints would 
arise and in no time at all the question would 
no longer be technical but political. 

C. C. Walker (de Havilland Aircraft Co. 
Ltd., Fellow), Contributed: Mr. Edwards had 
performed a great service in laying bare and 
exposing to view in Part I of his paper the 
conditions surrounding the procurement and 
production of aircraft and more particularly 
civil aircraft. Those things could be 
examined through spectacles of many 
different tints and in taking a somewhat 
different viewpoint there was no intention 
of criticising the truth and objectivity of 
what the lecturer said. 

Everything connected with civil flying was 
out of joint, and this was painfully evident 
merely by reading the headings in Part I. 
If this were a picture of future aviation there 
was unlikely to be any. Nevertheless, it 
was a true picture of the present state of 
affairs and must be looked on as temporary 
—a period following intensive technical war 
development accompanied by a_ virtual 
cessation of the commercial development 
of air transport. In those conditions it was 
natural that the taxpayer should want to 
xe aviation given a start in his country, 
out it was quite unnatural and illogical that 


he should be expected to subsidise 
travellers by air permanently. It seemed 
certain that in the future aviation must fly 
by itself not only in Great Britain but else- 
where. 

The £12 million paid by the travelling 
public to the Corporations in 1947 was at 
least an indication that many people wished 
to use the air. Those people had not asked 
for complicated, complex and costly aircraft. 
Many in fact, had travelled in noisy con- 
verted bombers. Those were the people who 
were going to determine what future air 
liners were like just as in other forms of 
transport. The vehicles used were the out- 
come of the growth of traffic fostered by 
experienced and careful operators. 

While admitting that Mr. Edwards had 
painted a true picture of the present it was 
worth while glancing at what the future 
picture would have to look like. To start 
with, operators must have full responsibility 
for choosing their aircraft and for the 
economic success of their operations. They 
would be able to afford costly and up to 
date aircraft only if they could be sure of 
a high degree of utilisation and a long life 
for the type—ten years at least. Technical 
advances must be made at a steadier rate 
instead of the huge jumps being made now 
to cash in on wartime developments. Those 
jumps (with their resulting costly groundings) 
having been made and established largely 
at taxpayers’ cost, it should in future be 
possible to eliminate experimental proto- 
types and order new types in batches, thus 
avoiding years of delay and great cost. If 
the constructor had to guarantee the new 
type and the operator could not afford to lose 
too much money, the conditions were 
present to ensure a safe and rational rate of 
progress. The temptation to experiment too 
far in the prototype would be absent and 
passengers would not have thrust upon them 
experiments for which they had not asked. 

Lest it be thought that progress would be 
slowed down by this sort of regime it must 
be remembered that practically all the 
advances made between 1918 and 1939 were 
made by civil aviation under conditions 
much more like those advocated above than 
this “ touching” of the taxpayer to help in 
making types which could break even only 
by saturating the world market. The 
progress in the twenty years mentioned could 
be visualised in the synthesis resulting from 
variable pitch propellers, retractable under- 
carriages, supercharged engines and so on. 
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Traffic statistics showed that at current 
rates thousands of millions of passenger- 
miles and hundreds of millions of ton-miles 
of cargoes were achieved in the world today 
in air transport. It was fantastic if all the 
money this represented could not provide 
the means of transport and if it could not, 
it could only be due to the disturbance of 
orderly progress by the war. The aeroplane 
was fundamentally an economical vehicle. 
It was generally considered that speed should 
be paid for, but considered purely as a 
vehicle the aeroplane did not make demands 
in proportion to the speed it provided. 

The users of air transport probably appre- 
ciated regularity, reliability, punctuality and 
safety and, if articulate, might say they 
would like as much speed and comfort as 
was consistent with those qualities. It was 
the function of the operators to interpret and 
anticipate their wishes for they were the 
people who were going to pay for and 
determine the characteristics of future air 
liners. 

The air transport and procurement systems 
which it was to be hoped would set in after 
the present artificial Government-assisted 
interregnum, would look something like the 
following: 

Operators with free choice of equipment 
and undivided responsibility. If it were 
politically desirable to insist on the use of 
nationally produced aircraft or if national 
services such as carriage of mail were 
rendered, the Government should pay for it 
as in other forms of transport. Constructors 
would be required to guarantee delivery and 
performance. No experimental prototypes 
would be wanted and new types would be 
ordered in batches. Constructors should 
quote prices at which they would break even 
on the batch ordered. Any new type 
ordered should have a useful life of at least 
ten years, for which there was ample 
precedent. Air liners would thus be in a 
state of steady development in which “ con- 
versions” as Mr. Edwards called them 
would play a considerable part. There 
would, of course, be experimental develop- 
ments which were unsuitable for trying out 
on passengers. These would be research 
aircraft or Service prototypes paid for by 
the Government and made in the interests of 
national aeronautical progress. The lessons 
learned from such experiments would be 
available for civil progress when safely 
applicable. 
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These remarks could be concluded with 
the earnest hope that an end would soon 
come to this need for help. No true progress 
could be made until design and production 
were firmly anchored to, and limited by, 
traffic potentialities, until new types were 
only produced as a necessary response to 
the vision of operators. 

Traffic and its money were on offer not as 
taxes on nationals but direct from the 
pockets of international users of the air. Let 
air transport grow this way from the bottom 
up. There must come an end to the pres- 
entation of costly experimental masterpieces 
to the travelling public. The valuable and 
costly efforts of the Government to establish 
a platform in this difficult period from which 
true progress could start must be fully 
recognised. 

Air Commodore F. R. Banks (The Asso- 
ciated Ethyl Co. Ltd., Fellow), Contributed: 
He agreed with most of the views about 
organisation for proper and expeditious 
aircraft development. Mr. Edwards also 
made a sound point where he said that the 
whole team directly responsible for the pro- 
totype machine must be on friendly terms 
with one another but, at the same time, they 
should be able to criticise this or that without 
quarrelling. 

He supposed he could speak somewhat 
positively, as was usual with the ignorant! 
—and he was somewhat ignorant of aircraft 
development, although he had experience of 
engine development—but he visited a large 
number of aircraft firms and operators and 
could not help noting their different methods 
of approach to common problems. 

He agreed with Mr. Edwards’ suggestion 
that there should be a larger section devoted 
to aerodynamic study in the Design Office. 
Another important section in the Design 
Department (although it was a small propor- 
tion of the total) was that dealing with the 
assessment and estimation of the prototype 
aircraft weight. He did not think that 
sufficient attention had been paid in the past 
to this important matter, and they had had 
some bad examples of over-weight in recent 
years. 

He thought that it should be easier to 
design an aircraft for civil requirements than 
one for military needs, because the former 
was unlikely to depart very much, if at all, 
from its specified duty; whereas the military 
aircraft, except perhaps the bomber, might 
have to do jobs other than the one for which 
it was originally intended. Then again, with 
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the military machine, it was often difficult to 
ensure that the first prototype would remain 
ynaltered, because of further development of 
he military equipment which went into it. 

He did not completely agree with Mr. 
Edwards when he said that civil aircraft had 
mainly been variants of military machines. 
\tleast, none of the British machines before 
ihe war were military variants; and the now 
cassic type of American low-wing mono- 
ane civil transport was directly descended 
om the Douglas DC-1, which was designed 
fom the start as a civil machine and was 
ihe prototype for the DC-2, followed by the 
p¢-3, DC-4, and, now, the DC-6. 

He thought that military and civil air- 
craft would tend to diverge farther from 
ach other rather than converge, mainly 
weause the gas turbine, in the form of the 
urbo-jet, had more immediate application 
io the military machine. 

Mr. Edwards might have meant that the 
‘vil aeroplane should be derived from the 
nilitary (troop) transport but, here again, 
ie could not agree with him. If they were 
eipecting new civil aircraft to come into 
operation in, say, the next five years, he 
would like to know from which (present) 
military version they would be derived? 
Personally, he did not think that future 
military transport design would remotely 
resemble the civil aircraft, because the former 
would become just as specialised in its design 
«the fighter or the bomber, in order to carry 
aid dispose of its cargo in a particular 
manner, either by parachute or by special 
unloading ramps. 

Such aircraft would require considerable 
itengthening of the structure, particularly 
the flooring, and might have special bays and 
racks built in for parachute containers, and 
on. Furthermore, if most military equip- 
ment Were eventually to be parachuted, the 
nilitary transport might not have the 
approach and landing qualities demanded of 
the civil aircraft. 

He thought that the cost of building 
prototypes was now so great that it must be 
considered as a national matter and be paid 
for by the Government Department con- 
med. He did not, of course, mean that 
the Aircraft Industry should be nationalised 
but that it should be supported, in this 
‘pect, with sufficient orders to keep it alive 
and active. This would ensure an industry 
“In being,” should it again become neces- 
“iy to put it on a war footing. But tenders 
tm the various aircraft firms, to meet a 
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specific requirement, should be considered 
on a Strictly competitive basis. Even the 
Americans, with their intense dislike of 
Government interference and their love of 
private enterprise and free competition, were 
now coming round to the view that some 
Government support was necessary for the 
building of prototype civil aircraft, to defray 
development costs and to enable the pro- 
duction versions to be sold to the operating 
companies at a reasonable price. 


He agreed with Mr. Edwards that the 
officer personnel heading technical sections, 
such as D.O.R., should be kept in their jobs 
for at least five years. 

There had been far too much “ committee 
work” in recent years, by the Ministries 
concerned and the Corporations, in formu- 
lating civil aircraft requirements. The 
designer should have all the relevant 
requirements regarding range, height, pay- 
load and the degree of operating economy 
desired but should use his own judgment, 
after consulting with operating personnel, 
on such matters as passenger comfort, the 
loading and disposal of baggage, the best 
position for preparing and collecting food 
for service in flight, and so on. 


Every airline should have a small section 
which devoted its time in listening to and 
recording complaints in regard to these 
various services; so that when a new aircraft 
was considered this information was 
immediately available to the designer. 


He did not think it necessary or even 
desirable for the designer to be able to fly 
his aeroplane. The modern pilot was as 
much a specialist as anyone else concerned, 
and it took some years and quite a few 
thousand hours’ experience to achieve the 
degree of competency necessary to judge 
the flying characteristics of an aeroplane. 
Also, one must fly fairly continuously; no 
technician, such as the designer, could do 
this and look after his own job at the same 
time. But the designer should, where possible, 
fly in the aeroplane with the test pilot, so 
that they could share as closely as possible 
in the common interest of getting the 
machine right in every respect. 

He thought it would be some time before 
the “tailor-made” engine would come, 
because of the cost in time and money, of 
developing available engines. An engine, 
therefore, must be capable of being used in 
a number of different aircraft in order to 
justify the effort put into its development. 
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The engine buried in the wing might also 
be delayed for some years, because increased 
performance meant more engine power and 
thinner wings and these considerations 
militated against this type of engine installa- 
tion. For very large aircraft of 250,000 lb. 
all-up weight and above, it would be possible 
to put the engine in the wing. 

When designing future aircraft, great care 
should be taken to protect the wing structure 
from engine fires and, although relatively 
high flash point fuel could be used for gas 
turbines, there must be protection, in the 
form of stainless steel tunnels suitably 
lagged, for the engine and the jet pipe, 
particularly in the case of the turbo jet; 
with similar protection around the com- 
bustion chambers of the engine, if these 
happened to be within the wing. 

The undercarriage in future aircraft should 
not be attached to the wing at the engine 
nacelle position, nor to that part of the wing 
containing the fuel tanks. There had been 
too many cases of aircraft fire caused by 
the undercarriage being torn off and, in 
turn, tearing out pipes and fuel tanks. The 
integral wing tank should go and _ the 
flexible bag container should take its place. 

One point, which might appear insignifi- 
cant at the moment but which might be of 
considerable irritation, was fuel odour in 
an aircraft fitted with gas turbine engines. 
In the case of kerosene and gas oil, if the 
latter were used, the odour clung, and also 
those fuels were very “ searching ” in finding 
their way about the structure. Therefore, 
it was most necessary to ensure complete 
isolation and, if possible, complete remote- 
ness of the fuel system from the passenger 
cabin. 


MR. EDWARDS’ REPLY 

The considerable response in the discus- 
sion occasioned by the paper was gratifying, 
and it was regretted if, in the space allotted, 
it was not possible to do full justice to all 
the questions raised. Certain points had been 
raised by more than one person, so it was 
hoped that, in such cases, the one reply 
would suffice. 

Mr. Rowe: It was hoped that the many 
other contributors to the discussion who had 
raised the same point would accept these 
comments on the “Civil from Military ” 
proposal, in reply to Mr. Rowe, as being 
also an answer to their own comments. 

Firstly, the basic design considerations 
shown by Mr. Rowe, as applicable to 
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military and civil aircraft, surely indicated § jh; 
that all the things that were a basic factor in | wt 
his requirements for a civil aeroplane were } oo 
also highly desirable in a military one—in J jg: 
particular a long-range bomber. The exact- § ch 
ing performance required in the military J ~ 
machine, of course, could be relaxed fora § it 
civil one, but surely it was easier to down- J x 
grade the performance from military to civil J jx 
than vice versa? re 

He agreed there were certain risks on § ye 
military aircraft not acceptable on civil} | 
ones, but he still maintained that, within 10 
the conception of a major conversion, could f an 
come the necessary changes to structure, J \o 
pressure systems and so on, which would § in 
bring the aircraft up to a full civil standard. by 
Surely an outstanding instance of this was § \a 
afforded by the Stratocruiser, a direct } fin 
descendent of the Superfortress, and pre- f eq 
sumably an efficient aeroplane as it hadf | 
already been ordered by B.O.A.C.? re\ 

Mr. Rowe and others had taken him up ple 
on the statement about civil aircraft having F son 
been preceded by long service in the air} nev 
forces by a comparable type. In actual fact, } wo 
he really meant by a comparable aircraft 
of comparable performance. The point was 
this. He did not believe that it was 
right to carry passengers in a very advanced 
civil aeroplane at say, 40,000 ft. at S00} the 
m.p.h. until military experience on a com-f} 
parable aircraft had been achieved with 
crews consisting of young, picked, fit men. 
Far from diverging, the requirements for 
military and civil aeroplanes were more 
likely to converge because the big problems the 
to be overcome in high-speed, high-altitudef 
flight were firstly, engineering problems§ sru 
common to both, and secondly, the effect on 
the human body, which could best be tried eve 
in the first instance by a military crew. Mr. 
Rowe’s own gust research unit was doing 
valuable work there. 

It was nevertheless true that two yeals 
before the DC-3 flew in 1933 a Martin 12) 
bomber and a Boeing bomber, both mono-f gene 
planes of approximately the same siz, 
weight and performance, had flown, so that 
in point of fact, the statement as construed 
could have been reasonably substantiated 
Although the Constellation was thought 
about as a civil type, it was first used as 4 
military one and so was the DC-4. 

The crux of the whole thing, though, wa) 
what they could afford, not what was the 
ideal. He insisted that they could not affor 
new civil aeroplanes to be designed as sucti 
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that civil adaptations of military aeroplanes, 
which were quite satisfactory for the job, 
could be evolved if the conversion were made 
intelligently; and that they were very much 
cheaper than the brand new aeroplane. 

He found it extremely hard to believe that 
itwas more difficult to forecast the require- 
nents of a civil type to run over a certain 
jxed route than it was to forecast a military 
requirement for an aeroplane to be used 
against an unknown enemy. 

He completely agreed with Mr. Rowe’s 
pint about a firm doing its own structural 
and wind tunnel testing. The only way the 
young designers could really get an intimate 
knowledge of the small things that contri- 
buted to the big failures and big successes, 
was for all these tests to be made on the 
firm's Own premises with the firm’s own 
equipment and staff. 

In general, this form of organisation would 
revolve about ad hoc tests to check a com- 
pkte design and applied research in aid of 
some specific aeroplane being worked on. A 
new wing of a different design, for example, 
would necessitate a large number of stringer 
skin panel tests in order to produce the 
optimum combination of stringer pitch skin 
thickness, stringer section and so on. This 
might be done by the same team that made 
the major tests although, in his own exper- 
ince, a structural laboratory was the best 
place for the small test pieces, while the 
major wing and fuselage tests would need to 
te done in a separate building more directly 
under control of the structure designer than 
the smaller test pieces. 

In general, all work of this nature, whether 
‘ructure, aerodynamic or in connection with 
lunctional systems, would be done with an 
ye to its application to some _ specific 
problem, and the design organisation of the 
ype outlined would not have the capacity 
0 launch forth on fundamental research. 
An alternative was for the firm to set up an 
tntirely research organisation, which in 
general would not deal with the everyday 
problems of the current aircraft; and of 
course the other homes of fundamental 
esearch were the national institutions. 
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It was impossible to say for certain 
Whether the gain of 0.1 $.M.C. was obtained 
from the tail dihedral, without flight tests 
on the aircraft with the tail in the two posi- 
lions. The actual measured C.G. in flight, 


however, agreed with the wind tunnel test 
within 0.02 S.M.C., both in the glide and 
ith full slipstream represented. 


It was 
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reasonable to assume, therefore, that if the 
tail were altered in position, the expected 
change in allowable aft C.G. would, in a 
general way, occur. 

Mr. Bishop: He was glad of Mr. Bishop’s 
support in the removal of complicated 
equipment and unnecessary gadgetry and 
sympathised with his remarks about the 
drawing up of requirements and the time 
spent thereon. 

Mr. Bishop made such a good case for 
modifying one military type to another that 
it would have seemed a logical extension 
that the military aeroplane should in turn 
be modified to provide a civil one. 

He agreed that it should be possible now 
to forecast accurately enough the behaviour 
of an aeroplane to make unnecessary, at any 
rate in the case of fairly orthodox machines, 
the enormous cost of new prototypes. 

Mr. Petter: He agreed with Mr. Petter 
that the essence of any staff was that its 
quality should be given preference over its 
quantity, so that any increase in numbers 
would not result in thinning down the 
quality. 

The control of the experimental shop was 
a matter which depended very much on the 
personalities of the people involved and the 
relative importance which the production 
part of the organisation attached to getting 
the prototypes finished. He agreed that in 
an organisation where experimental methods 
were not employed, because the production 
element in control of the experimental shop 
chose not to use them, it was a condition 
extremely embarrassing to the Chief 
Designer, who at all costs must find out at 
the earliest moment how good his aeroplane 
really was. 

The painful and expensive way in which 
such a production organisation would learn 
would be for it to be tooled up for a new 
type and then find, too late, that a lot of the 
tooling had got to be scrapped—scrap that 
could have been avoided if the prototype had 
been finished sooner. 

Mr. Petter’s views on the mould loft, he 
thought, were very sound, and a considerable 
amount of time would be saved by doing 
what he suggested. It was a case of gradual 
education and it might be easier to impress 
on to a fairly new organisation than on to 
one which had for many years been used 
to fully detailed drawings. The mould loft 
should be used for making tools and fixtures 
for prototypes and production aircraft. A 
large amount of detail setting out for tem- 
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plates and subsequent dural plate work 
should definitely be done. The stage at 
which this actually replaced the existing 
drawings was, as he had suggested, largely 
dependent on the speed with which the works 
could be educated to work that way. 

Mr. Scott Hall: He certainly did not want 
to put the clock back if that meant hindering 
progress, but if it meant going back to a 
simpler aircraft than some which they were 
now getting, then he thought he did mean it. 

The automaticity which was being built 
into the modern aeroplane was likely to be 
more of a menace than a help. — Every 
designer should, at stages during the life 
of a machine, have a thorough purge in 
which every device and complication not 
fundamental to the safe and efficient opera- 
tion of the aircraft was cut out. 

He agreed with Mr. Scott Hall that they 
were moving out of the dark ages of aero- 
plane design. He believed it was possible 
to predict with a reasonable degree of 
accuracy, what they were going to get on 
a new aeroplane, particularly of a fairly 
orthodox type. Too lightly had it been 
accepted that a prototype was being built 
for the first time merely in order to re-design 
it to make it work. Intensive pre-flight 
analysis and testing could do a lot to reduce 
alterations after the machine flew. 

Professor Lickley: The replies to Mr. 
Petter would answer some of Professor 
Lickley’s points on the experimental shop. 

Conversions would, in general, come after 
the basic aeroplane had been designed, and 
as had been emphasised elsewhere, provided 
that the basic design was right, it would 
prove to be readily convertible. 

The author did not believe in segregating 
the technical staff, and in fact had recently 
been responsible for laying out a new design 
office building in which all the sections were 
on one big open floor without dividing parti- 
tions. Anything that could be done to make 
one man appreciate another’s problems was 
a good thing and should be encouraged, but 
he was quite certain that a team composed 
entirely of all-rounders would merely 
produce a mediocre aeroplane. The high 
efficiency necessary to make an aeroplane 
a success could only be achieved by the 
sensible use of the experts in each branch. 
The problems in modern aircraft design were 
so profound that men who specialised in 
one particular subject were, in his view, 
inevitable. They must be controlled by 
people who were all-rounders and able to 
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give the necessary decisions in order to 
produce the best balanced aircraft. 

Mr. Woodward Nutt: Mr. Woodward 
Nutt’s remarks about the automatic designer 
stood a fair chance of going down in history, 
and, in several ways, the author had been 
reminded of it since. 

He was delighted that Mr. Woodward 
Nutt agreed with him about the practic. 
ability of adapting military aeroplanes to 
civil ones, and coming from an authority 
such as he, his views could not be lightly 
disregarded. 

The curve of selling price per bb. 
was Only drawn through points representing 
the actual selling price of existing aircraft. 
It might be that Mr. Woodward Nutt was 
right in saying it should be a horizontal line. 

He did not contribute to the idea 
of a maintenance cell in the design office 
because he thought it would promote an 
outlook whereby the younger designers 
would pit their wits against the maintenance 
cell in trying to “get by” with work that 
they knew was not really a good maintain- 
able job. Design for maintenance must be 
instilled into the Chief Designer himself— 
a few years as an Experimental Manager 
was an extremely good training ground. 

Mr. Davies: Building a prototype off 
production jigs was all right so long as 
radical changes did not have to be made to 
the aeroplane, and therefore to the jigs, after 
it had flown. The jigs would be made by the 
fitters who were eventually going to build 
the aircraft, but he did not consider that they 
needed to be production jigs, and still 
supported his case for the tubular scaffolding 
type of jig structure. 

He thought Mr. Davies had “ got some- 
thing” when he said that one thing to do 
was to sell the aeroplane unfurnished, but 
much as they might have suffered, it would 
leave him with a sense of not having seen 
the job through. He thought the contractor 
should sell the aeroplane complete, but his 
task had got to be made a lot easier. 

Mr. Thornton: The incentive to reduce 
development costs lay, particularly for civil 
types, in competition with other manu- 
facturers outside Great Britain as well as 
inside. The ultimate cost of the aeroplane 
would be appreciably influenced by the 
initial development cost. _ While it was 
agreed that high costs might bring higher 
profits, this competition in the civil market 
would provide every encouragement 
reduce development costs. 
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An organisation was only as good as the 
individuals within it made it. The high- 

wered system which knew of no weaken- 
ing in its control and permitted no short cuts 
in special circumstances, was a first class 
means of destroying the initiative of the 
people within it. That was why it must be 
fexible, and so it could be. 

He had not said “the people best 
qualified to make an estimate of the manu- 
facturing time are the designers themselves,” 
but “an assessment of the performance 
which the aircraft could do within a certain 
time.” He believed, none-the-less, that the 
designers themselves should be the people 
best qualified to make both estimates, and 
was prepared to challenge Mr. Thornton’s 
satement that it was more usual for the time 
estimate to be 100 per cent. out. The com- 
pletion of the aircraft described in the paper 
was, in fact, in advance of the official time 
estimate. 

The incurable optimism of Chief 
Designers was the only thing which kept 
them sane (assuming that they were), and it 
would be a great pity to lose it. 

Impartial estimates were probably very 
wise as a safeguard against the more 
optimistic among designers, but accurate 
estimates could be done and should be 
encouraged. 

It was agreed that there was a shortage 
of stressmen and that in time this might 
become more serious than the shortage of 
aerodynamicists; but at present it seemed 
the lesser evil, and the fact that structural 
shortcomings were less prevalent than aero- 
dynamic ones, lent support to that view. 

Air Commodore Lucking: It was agreed 
hat flexibility of basic design was a good 
thing but the maid of all work who was 
mistress of none was an extreme to be 
avoided. The good basic aircraft would 
generally be capable of many adaptations. 

He was not putting up a _cock-shy 
when he said that civil design should be 
based on preceding military types, and would 
quote the Boeing Stratocruiser, a direct 
descendant of the Superfortress, as evidence 
that B.O.A.C., who had ordered some, 
agreed with him. 

Mr. Perring: It was, of course, agreed that 
they had to do all the pre-flight testing 
possible in order to avoid subsequent 
re-design. By some means or other they 
Must provide themselves with the equipment 
and the staff to do it. 


Requirements for the new advanced air- 
craft could not, of course, be met by an 
adaptation of an existing type, but there 
would be adaptations of this advanced air- 
craft, which in themselves might fill a future 
need as efficiently as another new aeroplane 
would. 

Mr. Major: He referred Mr. Major to his 
comments in reply to Mr. Rowe on the 
subject of deriving civil from military air- 
craft. It was true that the Valetta was a 
descendant of the Viking but for that 
matter, the Viking was a descendant of the 
Wellington. 

He did not claim that they could neces- 
sarily have a better civil aeroplane from a 
military one than they could a military from 
a civil, but as they had to have military 
aeroplanes to protect the country surely they 
must come first and the civil ones must 
follow. 

He agreed that the life of a military aero- 
plane in the past had not approached that 
of the average civil machine, and he thought 
that the standard which a firm was set in 
designing civil aeroplanes was of consider- 
able value to it, and this advantage would be 
reflected in its subsequent military types. 
But this was still no reason why the basic 
aeroplane should not be a military one, and 
more care should be taken to see that on the 
civil aeroplane the emphasis was placed on 
endurance rather than performance. 

He had replied on the score of a main- 
tenance cell in answering Mr. Woodward 
Nutt, and he was adamant in that the right 
solution, and in his view a practical one, was 
that draughtsmen, section leaders and 
designers must all have maintenance instilled 
in them from the start. 

Mr. Newman: It was true that British 
airline Corporations had blamed the use of 
converted military aircraft for some of their 
losses, but the type of conversion proposed 
by the author fell in the category which 
included the Stratocruiser and the Viking. 
The former had been ordered by B.O.A.C. 
and the latter was the aircraft used on the 
only routes on which one of the Corporations 
was nearly making a profit. 

He agreed whole-heartedly that one big 
contribution towards making civil aviation 
self-supporting was to tone down _ the 
atmosphere of luxury. The paragraph in 
the paper on page 204 gave his views on that 
point. 

Mr. Handel Davies: Each firm must be 
self-supporting so far as equipment to solve 
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its ad hoc problems was concerned. From his 
own experience the time saved by being able 
to test, modify and re-test in one’s own 
tunnels was of the greatest value and was 
also a means of enabling the staff to appre- 
ciate the effects of the relatively small 
changes which could be made under those 
conditions. 

He was sure that each major firm could 
run its own high-speed tunnel and find a very 
big use for it. The national establishments 
should be sufficiently equipped and staffed 
to enable them to do the more fundamental 
tests and concentrate on the forward think- 
ing which the firms, often too occupied with 
their immediate problems, were unable to 
deal with. 

The very big high-speed tunnel might well 
be too much for one firm to operate and 
occupy fully, but the example of the 
American Co-operative Tunnel pointed to a 
solution. The normal small high-speed 
tunnel however, should be a standard piece 
of equipment in every large firm. 

Mr. Serby: Mr. Serby was quite right when 
he said that a fair amount of good planning 
had to go on in order to dovetail the various 
types together. A designer really had got to 
look at his factory’s production four or five 
years ahead when first considering a new 
type. 

It was indeed good news to know that the 
Ministry of Supply had been exploring the 
problem of firms’ flight test approval, and 
it was to be hoped that they would soon get 
some of the major firms cleared in that way. 

If the R.A.F. could not afford more than 
a very few transport or freighter types, which 
were an essential part of the country’s 
defence, then how could the Corporations 
afford even more? He was _ convinced 
that they had to have what they must 
have, i.e. military aircraft, and then the 
Corporations might have to be content with 
the best conversion from those types that 
could be produced. Once again, was not the 
Stratocruiser, ordered by B.O.A.C., devel- 
oped from the Superfortress? 

Dr. Hislop: Two hundred hours of proto- 
type testing should show up the majority of 
the defects, and the average aeroplane would 
need that amount of time to get all its 
problems completely sorted out. Anything 
additional to that (a) would not show a 
significant return, and (b) they could not 
afford. 

When the first production aircraft were 
delivered to a Corporation they obviously 
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were at liberty to put the machines on the 
routes without carrying fare-paying passep. 
gers, if they chose, and to run them for 
hundreds of hours. 

He was not complaining about the 
ten-year replacement plan. It was probably 
one of the biggest contributions towards a 
civil operator’s becoming self-supporting, 
He merely instanced it as an addition to the 
problem of building civil aircraft which 
manufacturers must consider. As a tax- 
payer he would be the last to suggest that 
they should be replaced sooner, solely in 
order to keep the Industry in employment. 

Mr. Dykes: He referred him to the 
reply to Mr. Rowe on the subject of military 
and civil aircraft. He did not expect Mr. 
Dykes to agree with this, but unfortunately 
they were confronted with the question of 
— they could afford, not what they would 

ike. 

With reference to the suggestion that tem- 
perature increases were likely to cause 
serious limitations in range, this was 
undoubtedly true to ‘some extent, since the 
power of the engine was reduced. However, 
in the cases examined it had been found 
that the change in temperature brought the 
flying conditions nearer to the optimum, so 
that in fact a slight improvement in miles 
per gallon actually occurred. It was pointed 
out that this did not necessarily occur in all 
cases, but only specific instances could be 
examined at this stage of development of 
the propeller turbine. Also, in the case 
considered, the cruising altitude was 
unaffected, since the ceiling was determined 
by pressurisation rather than by the actual 
available rate of climb. 

The only serious objection arising from 
increasing temperatures was the effect on 
take-off, but the I.C.A.N. specification could, 
in fact, be restored by the use of water- 
methanol during take-off and initial climb. 
The weight of this would probably be added 
to the all-up weight of the aircraft, so, apart 
from this complication, the I.C.A.N. take- 
off weight and take-off distances could still 
be maintained. 

Squadron Leader Coton: It was not clear 
from Squadron Leader Coton’s comments 
whether he referred to the relatively large 
idling thrusts which occurred on propeller 
turbines in general or to the actual response 
of the engine to changes of r.p.m. It was true 
that the idling thrust was likely to be 4 
serious objection to getting the most out of a 
free turbine and, for that matter, the direct 
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coupled axial turbine as well. This thrust, 
and indeed the lack of windmilling drag 
during the approach, would cause an increase 
in aerodrome length of between two and four 
hundred yards, depending on the design, and 
this in itself presented a set-back to the use- 
fulness of the propeller turbine. It was 
doubtful, however, if the free turbine instal- 
lation presented greater difficulties in this way 
than those of the direct coupled type, so that 
itbecame a problem associated with propeller 
turbines as a whole and not tied to one 
particular type. 

He had not heard that the free turbine 
atrangement presented, in flight, any greater 
lag in response to changes of throttle 
and r.p.m. than other engines. In fact, since 
the inertia of the propeller portion of the 
engine was so small, it could surely be 
expected to be slightly better than the other 
types of turbine. Engine firms who had 
experience with this type of turbine had made 
no comments on this feature, and it would 
be extremely gratifying to obtain from 
Squadron Leader Coton any evidence he 
might have on this feature. 

He was glad Squadron Leader Coton 
agreed with him about civil aircraft being 
derived from military. 

Mr. Morgan: The remark about the 
apparent inability of the operator to give 
clear-cut decisions on_ relatively small 
features, was not directed at any one operator 
any more than other remarks were. The 
reference to the protracted negotiations over 
the precise location of the drinking water 
glass or the colour of the lavatory door was 
a direct, if coloured, reference to the findings 
of the Courtenay report on the Tudor. 

Surely Mr. Morgan understood the position 
well enough to know that the relationship 
between his staff and the author’s on the 
Viking and Viscount had been extremely 
good, and that the author had a wholesome 
respect for him. If, in making what was a 
broad statement he had given the impression 
that the detail work between them warranted 
criticism of Mr. Morgan’s Project Branch, 
then he, the author, would like to put it 
tight. He would like to remind Mr. Morgan, 
however, of another remark in the lecture 
which said: “ Long range planning is made 
a farce by sudden changes of policy.” 

He had not endeavoured to verify Mr. 
Morgan’s breakdown of Viking modifications, 
but still adhered to his opinion that, in 
general, operators placed far too much 
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emphasis on the alleged whims and fancies 
of their passengers and not enough on making 
a profit. 

Mr. Shenstone: He could not agree with 
Mr. Shenstone that, with the specialised roles 
that modern military aeroplanes had to fill, 
it was within the realms of possibility for a 
not very good bomber, as he suggested, to 
become a military transport. It would either 
be a not very good bomber or no aeroplane 
at all. 

He still maintained that it was easier to 
write a requirement for a new civil aeroplane 
than for a new military one. What seemed 
important was that the enthusiasm with 
which a new requirement for a civil aeroplane 
was written should be continued, to see the 
job right through to the end, and not be 
dissipated on the way. 

He agreed with Mr. Shenstone that badly 
designed automatics probably prompted most 
of his grumbles, but he insisted that they 
should be left out wherever it was reasonable 
for the pilot, or some other member of the 
crew, to do the job manually. 

He agreed that standards of comfort and 
safety had got to be considered, and in these 
times of severe competition were undoubtedly 
important factors in selling seats. If Mr. 
Shenstone wanted to reach a standard of 
comfort which was almost beyond contem- 
porary competition, he might consider the 
use of propeller turbines. 

Mr. Walker: He hoped Mr. Walker was 
right in saying the present state of affairs was 
temporary, but he did not think it would right 
itself. Determined efforts by all concerned, 
operators and manufacturers, would have to 
be made before this phase was left behind. 
Since the lecture, the operators had now been 
given powers to buy their own aircraft, so 
if Mr. Walker’s closing remarks were right, 
they might see a change for the better. 

He felt Mr. Walker was a little optimistic 
in thinking that some of the new aeroplanes, 
as for example his own Comet, could be made 
in production batches without what was really 
a prototype, even if it were called by another 
name; but of course he did agree that these 
radical changes should be as few as possible 
and the progressive types achieved by con- 
versions where possible. 

Air Commodore Banks: He was glad Air 
Commodore Banks agreed with so much of 
the paper. On the point of civil aircraft from 
military, he had not really said that they had 
mainly been variants of military machines, 
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but as explained in the reply to Mr. Rowe, 
that the performance of a civil aeroplane had, 
generally, been previously achieved in a 
military one. 

He did not think military and civil aircraft 
were tending to diverge. On the contrary, 
surely any efforts to make high-speed civil 
aeroplanes really fast must make them look 
like high-speed military ones, because the 
problem of making an aeroplane fly fast was 
not materially influenced by whether it 
carried bombs or bodies. They had to have 
the civil aeroplanes that they could afford, 
and it was hard to see that they could afford 
anything other than adaptations of military 
machines. 

He agreed with Air Commodore Banks 
that the designer should be relieved of the 
effects of much of the committee work which 
led up to civil aircraft requirements. It 
seemed that they might well be told what the 
operators wanted the aeroplane to do and 
then be left in peace and quiet to do it. 

He agreed that it could be a dangerous 
thing for a novice pilot, such as a designer 
could only be, to allow his own reactions to 
influence the design of an aeroplane, but he 
did not think, in fact, he would. The prob- 


252 


lems were much too involved for any simple 
reactions, such as he would have, to be of 
value, and he must just listen to the more 
experienced criticisms of his test pilots; but 
it did give him an opportunity to talk the 
same language as the test pilot, for so often 
had one heard a member of the latter 
profession say of the technicians: “They 
don’t understand.” He entirely agreed that 
the designer should fly with the test pilot so 
as to get a first-hand appreciation of what was 
going on in his aeroplane. 

He thought engines built in wings would 
come about in the fairly near future, the 
successful development of the axial type 
engine making this a distinct possibility. 
He agreed that considerable _ protection 
around the engine had to be afforded lest an 
engine fire was followed by the wing falling 
off. He was in full agreement that the 
integral wing tank should go and the flexible 
bag tank should take its place. 

He thought the elimination of kerosene 
odour would be helped considerably by the 
fact that propeller-turbine-engined aircraft 
would always have pressure cabins, which 
were leak-proof from the inside, and hence, 
to a large extent, odour-proof from the 
outside. 
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PRESENT THOUGHTS ON THE USE OF 
POWERED FLYING CONTROLS IN 
AIRCRAFT 


by 


D. J. LYONS, B.Sc.(Eng.), A.F.R.Ae.S. 


The 763rd Lecture was read before the 
Royal Aeronautical Society on Thursday 
l6th December 1948 at the Institution of 
Civil Engineers, Great George Street, 
London, $.W.1. Dr. H. Roxbee Cox, D.I.C., 
FR.Ae.S., F.1.Ae.S., President of the 
Society, introduced the Lecturer, Mr. D. J. 
Lyons, B.Sc.(Eng.), A.F.R.Ae.S., who is in 
charge of control work in the Aerodynamics 
Flight Section of the Royal Aircraft 
Establishment, Farnborough. 


l. INTRODUCTION 


T has long been the practice in engineering 

to use direct manual operation of the con- 
trolling parts of a machine, so long as it was 
within the strength of the operator, and so 
long as design of the operating gear was 
telatively simple. In innumerable applica- 
tions, however, the increased demands for 
power by the controls, and the need for 
greater accuracy, have necessitated the 
development of servo mechanisms to drive 
them; that is, we have to sever, partially or 
completely, the direct mechanical link from 
Operator to control, and use the inserted 
backlash, elasticity, and so forth, to meter 
power from an external power source. 

In the flying control field we have come at 
this time to the transition stage, in that we 
have realised that, for a large number of 
applications, direct manual operation is 
Impractical, and we are feeling our way 
towards suitable forms of servo controls for 
our various needs. It is quite clear that there 
are a number of important differences 
between the application of such systems to 
the aircraft flying controls and to other forms 


of engineering, even in aircraft. First and 
foremost is the paramount need for relia- 
bility, for complete failure of a main flying 
control surface on an aircraft may easily lead 
to complete disaster, even if the period of 
failure is short. This means that little time 
can be allowed for the diagnosis of a failure, 
and reversion to an alternative means of 
control must be immediate. 

A point of great importance in connection 
with this problem of reliability, is the fact 
that in aircraft we have at hand a contin- 
uously reliable source of power in the 
dynamic head of the air, in addition to the 
more fallible sources of power, the engines 
and batteries, and so forth. Also the aircraft 
engineer has to be almost incredibly weight- 
conscious, especially on the large, long-range 
aircraft, and if two rival systems appear 
capable of doing a certain job satisfactorily, 
it is usually the question of weight which 
decides which shall be used, with only a 
smaller emphasis being placed on the com- 
plexity of development. 

Finally, a less important point, but one 
which still has considerable bearing on the 
design of powered controls—the need for 
accuracy in flying controls is small, the pilot 
only demanding the ability to creep a control 
and set it in small increments, not asking 
for accurate repetition of setting between 
cockpit and control surface. 

We have three main classes of systems for 
operating flying controls : — 
(a) manually, with fixed 

balance, 


(b) by servo action, using the energy of the 
air stream as the source of power to 
assist the pilot; these are called aero- 
dynamic servo controls, 


aerodynamic 
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(c) by servo action, using power from the 
engines, batteries, auxiliary engines, and 
so forth; these are called powered flying 
controls, or shortly, powered controls. 


The main purpose of this lecture is to 
discuss the use of powered controls, but it is 
impossible to do so intelligently without 
comparing them with the other, aerodynamic, 
controls, or without deciding to which classes 
of aircraft their application is most logical 
or necessary. A start will be made, therefore, 
by reviewing the limitations of fixed aero- 
dynamic balance and the possibilities of 
aerodynamic servo controls. This can be 
done briefly by extracting the main points 
from a recent paper'') given before the 
Graduates’ and Students’ Section of this 
Society, in which the particular problems of 
the control of large aircraft were discussed, 
and by adding the necessary remarks about 
the high speed aircraft. 


2. THE LIMITATIONS OF CONTROLS 
WITH FIXED BALANCE 
Until comparatively recently, the majority 


of aircraft control surfaces have been 
operated manually, that is with the pilot’s 
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control in the cockpit rigidly (in so far as 
the circuit is rigid), and direct!y connected 
to the main control surface. Great ingenuity 
has been expended in developing various 
kinds of fixed aerodynamic balance to lighten 
the increased control hinge moments which 
have arisen from growing size of aircraft 
and controls, increasing flight speeds, and 
increased demands for manceuvrability. In 
view of the relative simplicity of construction, 
it would appear only common sense to con- 
tinue the use of fixed balance as long as 
possible. In practice, it is essential to allow 
for certain variations in the value of b, (where 
b, is the rate of change of control hinge 
moment coefficient with control angle) the 
most important of which are those due to: — 


(a) different flight conditions and control 
deflections, 


(5) manufacturing tolerances, 
(c) ice accretion. 


These variations tend to cause over- 
balance of control, either in prototype or 
production testing, and experience has shown 
that the value of —- Kb, for any such control 
(where K is a factor representing aircraft 
response effects) should be greater than 0.035 
to avoid over-balance due to manufacturing 
tolerances only, greater than 0.08 to avoid 
over-balance due to the combination of ice 
accretion and manufacturing tolerances, and 
greater than 0.12 to avoid difficulty in design 
and to give reasonable repeatability on the 
production line without individual adjust- 
ment. 

In Fig. 1, which is extracted from Ref. 1, 
the difficulty of meeting these conditions with 
increasing size is demonstrated for aircraft 
geometrically similar, but with a scale factor 
based on the wing span. The assumed 
control design conditions, which are mainly 
based on low speed flight, are as shown on 
the figure. This figure suggests that design 
would become difficult when the aircraft span 
was greater than 60-80 ft., according to the 
control, and the flight condition assumed; 
and when the span was greater than 95- 
120 ft. over-balance during production testing 
would be likely to occur if the above con- 
ditions were met, and no steps taken to make 
the controls of each aircraft heavier for the 
first flight. 

In Fig. 2, a curve is given relating the top 
manceuvring speed of a typical fighter to the 
design value of Kb, necessary to obtain 
a certain aileron performance. The 
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dimensions, which are based on the Meteor 
aircraft, are assumed constant and the actual 
conditions assumed are 15° of aileron applied 
at top speed for 50 Ib. stick force. On these 
assumptions, design would become difficult 
with a top speed of 230 m.p.h., and serious 
risk of over-balance would occur with top 

speeds above 420 m.p.h. 

Both larger aircraft and higher speed 
aircraft have flown with controls with fixed 
aerodynamic balance, outside the ranges that 
would be suggested as practical by the argu- 
ments given above, but almost invariably 
such controls give considerable trouble during 
the attempts to obtain the desired lightness. 
Often we have had to accept, because of 
these difficulties, higher controlling forces 
than those suggested above, even though 
ihose assumed maximum forces are by no 
means unduly light, 

Although it is necessary to examine the 
shape and desired control performance of an 
individual aircraft in order to determine if it 
is practical to operate the controls in any 
particular manner, crude analysis, of the type 
described, suggests that direct manual 
operation of the controls with fixed balance 
should be restricted roughly to:— 

(a) civil transport aircraft below 80 ft. span, 

(b) military transport aircraft below 60 ft. 
span, 

(c) light non-aerobatic aircraft, 

(d) the ailerons of highly manoeuvrable air- 
craft with top aerobatic or manceuvring 
speeds less than about 250 m.p.h. 

It is not possible to generalise even broadly 
about the elevator and rudder controls of the 
last class of aircraft, although it is true to 
say we can usually retain manual operation 
of these controls much longer than we can 
on the ailerons. 


3. AERODYNAMIC SERVO 
CONTROLS 


The two main systems of aerodynamic 
servo controls dealt with in Ref. 1 are: — 

(a) the spring tab control, 

(b) the servo tab control. 

The spring tab is a_ half-way house 
between the direct manual control with fixed 
balance, and the pure servo-tab system; for 
at very low speeds, where the spring is 
telatively strong compared with the aero- 
dynamic forces, it acts nearly as a control 
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with fixed balance, and at high speeds, where 
the aerodynamic forces are the most impor- 
tant, its action becomes that of a servo tab. 
It is, therefore, of particular use when the 
more difficult conditions are at high speeds, 
e.g. tor the ailerons of a tighter aircraft. Apart 
from the slightly more positive control over 
the main control surfaces, and the necessity 
for geometrical follow-up between the tab 
and control with the spring tab, there is little 
difference between the action of the spring 
tab and the servo tab; and as conditions get 
more severe, we merely have to decide when 
the spring has become sufficiently weak for 
it to be omitted altogether, and a pure servo 
tab system used. Most of the remarks in this 
section will therefore be concerned primarily 
with servo tab systems. 

The great advance with either of these 
systems is that the main control surface need 
not be highly balanced and, therefore, the 
effect of the variations in Kb, discussed in the 
last section is only to produce a small per- 
centage change in the amount of tab 
deflection required to produce a given control 
deflection. We must, however, balance the 
control to a reasonable extent to reduce the 
tab size to a minimum and so avoid undue 
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loss of control power due to the reverse 
control effect of the tabs. A satisfactory com- 
promise is usually obtained with the value of 
Kb, between -0.2 and —0.3, so we can 
expect +JO-15 per cent. variation in the 
tab angle required to produce a given control 
angle on the production aircraft. In addi- 
tion, we have the effect of manufacturing 
tolerances, etc., on the hinge moments of the 
tabs; the pilot, of course, feels the full tab 
hinge moments in either system. 

An analysis was made in Ref. 1 of the 
variation with size of the design hinge 
moment conditions for the tabs of a pure 
aerodynamic servo tab system, using the 
same control performance conditions as for 
the direct manual control. Fig. 3, extracted 
from Ref. 1, which shows the results of this 
analysis, suggests that we should be in no 
trouble whatsoever with balancing the tabs 
on aircraft up to the largest size yet pro- 
jected; in fact we are much more likely to 
have difficulty in getting sufficient feel from 
the tabs to provide adequate self-centring. 

It is suggested, however, that it is probably 
better in any case to rely on artificial feel, and 
to make the tab hinge moment contributions 
the smallest possible proportion of the total 
feel; there is no difficulty in doing this, even 
on the ailerons, of aircraft up to 300 ft. span. 
It can also be shown easily that, on the sizes 
of aircraft that are most likely to be 
approaching the speeds at which serious 
compressibility effects will be felt, there is no 
difficulty in so balancing the tabs to obtain 
either light or negligible feel from them. The 
problems of contro] in stalled conditions and 
during take-off, which worry some people, 
can be shown to be easily surmountable, 
especially if the aircraft has a tricycle under- 
carriage. 

The most serious doubts about aero- 
dynamic servo controls are bound to arise 
when shock wave conditions exist over the 
surfaces of the aircraft; then, not only are we 
unable to guarantee the tab’s power to 
produce hinge moments about the control 
hinge, but considerable adverse alteration in 
the balance of the main control surface itself 
may occur. In addition, we have even had 
evidence casting doubt on the ability of the 
normal control surfaces to produce an 
approximately linear variation of lift with 
control deflection, which may force us to 
produce altogether different forms of controls. 
In fact, it is not altogether obvious what to 
expect as we have only imperfect knowledge 


256 


D. J. LYONS 


0-8 T T 
CONDITIONS SAME AS * \ 
IN FIG. I. \ \ 
( Kb, =-0-2) \ 
ruover 
(ENGINE cut) 
| 
\ 
0-6 + 
\ AILERON 
MAXIMUM REQUIRED \ 
TAB HINGE MOMENT 
COEFFICIENT \ 
(-Ke3) Ay 
SPEEO 
\ MANOEUVRING) 
0-4 \ | 
\ 
APPROX: VALUE 
\ \ oF Ke, FOR 
0-3 UNBALANCED TAB 
\ \ 
\ 
o-2 
BELOW THIS LINE. 
° it 
100 


200 
WING SPAN (FT) 


Fig. 3. 


Typical variation with size of required tab hinge 

moment coefficient to meet various specified flight 

conditions with pure servo-tab controls (0:1 
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of the factors which govern the control 
characteristics in the shock wave conditions. 
On the other hand, the evidence is not all on 
the debit side, and there is at least hope that 
with reasonably careful design the aero- 
dynamic servo may be able to operate in the 
shock wave conditions. 

It is only too clear that, if we intend to 
operate a particular aircraft well into the 
region of shock wave conditions, we cannot 
afford, at this present stage, to rely on servo- 
tab or spring-tab controls, and we must 
resort to powered controls. The difficult part 
will be to decide for any particular design 
the exact borderline in Mach number beyond 
which we cannot use the aerodynamic con- 
trols, and we shall only be able to judge this 
from flight experience, which is rapidly 
mounting all the time, and whatever reliable 
wind tunnel evidence we can amass. 

The other particular aspects of the design 
of servo-tab controls which it is necessary 
to mention when comparing them with 
powered controls are :— 

(i) At present, the control surfaces must be 
mass balanced to prevent flutter. This does 
not necessarily mean full mass balance on the 


| 
re 
| 
ta 
th 
de 
\ 
tr 
tal 
Ste 
th 
me 
sul 
tor 
sul 
or 
3 
me 
© cor 
the 
situ 
| isn 
tor 
tha 
to 
j 


tabs, the latest form of the Collar-Sharp 
criterion for tab systems giving recommend- 
ations as to the degree of mass balancing 
required. Considerable dividends will be 
paid in this respect by making the tab inertia 
as small as possible, and operating the system 
with as little geometrical follow-up between 
tab and control as is practicable; there is no 
reason why zero follow-up should not be 
used, i.e. with the tab operating arm passing 
through the main control surface hinge line. 
in many cases it may be found possible to 
delete all mass balance from the tab itself 
and the corresponding mass balance from the 
control surface. There is also a possibility 
that, in the future, it may be found possible 
to delete all mass balance from both tab and 
control surfaces from certain servo-tab con- 
trol systems. 


(ii) The stability of the aircraft with servo- 
tab systems of control, in which the forces to 
operate the tabs are very small, will 
correspond to the “normal”  stick-free 
stability, except that if there is a geometrical 
follow-up ratio N between tab and control, 
the loss in stability will be proportional to 
b,/b,+Nb, instead of b,/b,. The hinge 
moment coefficient b, of the main control 
surfaces, especially the elevator and rudder, 
must be adjusted to obtain satisfactory 
stability conditions. 

(iii) If the mass balance necessary on any 
control surface is distributed uniformly 
across the span, there is no necessity for a 
torsional stiffness criterion to prevent flutter 
involving torsional oscillations of the control 
surface and, logically, the torsional stiffness 
need only be sufficient to prevent undue twist 
or an undue percentage loss in the control 
power at maximum diving speed. In 
addition, with a servo-tab system which has 
uniform distribution of aerodynamic balance 
and tab power, the torque along the control 
may be very nearly zero at all points, and 
there will be no torsional rigidity require- 
ment on this count either. Then the 
control may be designed practically on 
the bending strength and stiffness alone. 
There are possibilities of appreciable weight 
saving by taking full benefit from this 
situation. Even if the aerodynamic balance 
isnot uniform and a small horn, say, has been 
used to obtain the required value of b,, the 
torsional rigidity to prevent undue twist may 
not be very high, and might even be still less 
than that obtained by the construction used 
to give the necessary bending strength. 
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If the mass balance weights are not dis- 
tributed uniformly flutter involving torsional 
twist of the control surface becomes possible, 
and the required torsional rigidity of the 
control surface will be higher, and will be 
decided from flutter considerations. 

(iv) As, in general, the tab operating loads 
will be negligible with servo tab controls, it 
is possible to design exceedingly light circuits 
to drive the tabs, so long as it is not possible 
for the pilot to exert nis full load in the 
circuit by coming up against a stop at the 
far end of the circuit. This can be ensured 
by making the stops in the cockpit the only 
ones in the circuit, although it will force a low 
value of the geometrical follow-up ratio N 
in the system, to avoid the tab having to be 
designed to operate freely to ridiculously large 
angles relative to the control surface. Also, 
it will be necessary to design the control 
locking system in such a way that locking of 
the tab to the control surface is either 
avoided, or made impossible without 
corresponding locks being simultaneously or 
previously engaged in the cockpit. The arti- 
ficial feel device could be inserted between 
the pilot and the cockpit stops, and that part 
of the circuit would be stressed in the normal 
way. 


4. POWERED FLYING CONTROLS 


The main problem which concerns us with 
fixed aerodynamically balanced controls is 
whether we can reduce the operating loads 
to the pilot to a sufficient degree; with a 
servo-tab system the question is whether the 
tab, on which we are relying, can be 
guaranteed to produce power to move the 
main controls in certain critical conditions. 
With powered flying controls, neither of these 
problems causes as much worry and there is 
no flying control on any sized aircraft which 
we could not drive by power. Instead, we 
have the more mechanical problems of pro- 
ducing a stable, non-oscillating power system, 
which requires very small parasitic forces to 
operate it, and of ensuring good reliability, 
with sound reversionary schemes to cope with 
the emergency resulting from any likely form 
of failure in the power system. 

There are many approaches to the first 
problem, and there is no doubt that satis- 
factory solutions can be obtained with either 
electrical, hydraulic or even pneumatic 
controls. It is interesting -that the first 
satisfactory application of a power unit to an 
aircraft control surface of which we have 
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record, is the Norman variable stroke 
hydraulic pump unit flown at the R.A.E. on 
a Vickers Vimy as early as 1921. The interest 
dropped then because of the progress with 
the early experiments on balanced controls, 
and it was not until the early war years that 
the need for powered controls was felt again. 

The preference during these last years has 
seemed to be for hydraulic systems depending 
on the throttling of a constant pressure 
source to meter the power to the control 
surface drive. But, especially more recently, 
there is vigorous development in_ the 
electrical field besides the renewed develop- 
ment of other hydraulic systems, such as the 
variable stroke pump units. The arguments 
for and against these various systems are 
many, although considerable attention is paid 
to the relative weight of the system, as in all 
aircraft problems. There seems little doubt, 
that the most intricate arguments devolve 
around the problem of obtaining satisfactory 
stability of the complete system (including 
the aircraft structure and the control system 
with its varied inertias and elasticities), and 
also the problem of reducing the cockpit 
control forces necessary to operate the power 
unit to as small a value as possible; it is with 
these problems that the main difficulties of 
power unit designers and aircraft designers 
have been associated until now. 

The purpose of this paper is to discuss the 
use and application of powered controls, 
however, not the details of the actual units 
and their relative merits; these problems are 
specialised ones which are being tackled by 
the mechanical, electrical and hydraulic 
engineers. 

The second problem, that is to provide 
sufficient reliability of the powered control 
system, is exceptionally far-reaching and its 
consideration affects critically the design of 
the aircraft and control surfaces, and must, 
therefore, be discussed in some detail. There 
are two distinct ways of treating this second 
problem : — 


(a) to use a simple power system and, if an 
"emergency occurs because of the failure 
of the power system, to revert to manual 
control; or 
(b) to duplicate all parts of the power 
system in such a way that complete 
failure of any one control is made 
entirely unlikely. 


Let us deal with the various aspects of each 
of these approaches in turn, 
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Fig. 4. 
Typical variation with size of required control 
hinge moment coefficient (Kb,) of a powered flying 
control for which the emergency system to effect a 
landing is reversion to manual. 


4.1. POWERED CONTROLS WITH REVERSION 
TO MANUAL CONTROL IN EMERGENCY 
(MANUAL REVERSION) 


4.1.1. The limits of manual reversion 


If we accept manual reversion as the 
recognised escape in the event of any failure 
in the main powered flying contro] system, 
we must ensure, at least, that the loads which 
the pilot can exert are enough to apply 
sufficient control, when manual operation is 
being used, to enable the aircraft to return 
to its base and land. Also we must ensure 
that, at the moment of change-over from the 
failed power system to the manual operation, 
the pilot is able to control the aircraft satis- 
factorily. 

In Section 3, in which the servo-tab 
controls were discussed, it was pointed out 
that insufficient knowledge existed on the 
aerodynamic characteristics of contro] sur- 
faces when shock wave disturbances on the 
aircraft were likely to affect the control 
surfaces and that, in view of this, it would 
be unwise to attempt aerodynamic operation 
of the flying controls on aircraft where such 
conditions were likely to exist. If a projected 
aircraft is to operate under such conditions 
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for protracted periods, the argument equally 
precludes the use of powered controls with 
manual reversion, for we will have similar 
doubts about the possibility of even limited 
control operation of the manual control in 
the emergency condition, For an aircraft on 
which we have to guarantee flight in these 
dificult conditions, powered controls with 
duplication must be relied upon, at least until 
more data are available from flight tests. 
There appears to be no major objection to 
the use of manual reversion on military air- 
craft which are only to spend short periods 
in these same conditions, accepting the small 
tisk that the powered control system might 
fail during one of these short periods; it may 
well be that we shall find that the control 
balance conditions will not be so difficult 
after all, and it is practicable to revert to 
manual control at any time. 

Even at slower speeds we are not out of 
difficulty with manual reversion, as will be 
seen by studying the curves in Fig. 4, again 
abstracted from Ref. 1. Here certain mini- 
mum control deflections and maximum 
pilot’s efforts have been assumed, which are 
considered to be just sufficient to obtain a 
satisfactory landing in emergency conditions 
on a typically proportioned aircraft. The 
control deflections which are given are those 
estimated to be required quickly during an 
approach and landing, and are in addition to 
the slow movements made possible by use 
of the trimmers. 

The minimum values of Kb, which are 
required to meet these conditions are then 
plotted against the size of aircraft, using again 
the typical aircraft based on the Lancaster 
as used in Section 2 in the discussion on the 
limitations of direct manually operated con- 
trols. It would obviously be unwise to allow 
a value of Kb, below that at which design 
would become difficult, otherwise in the 
design of such controls we would not be 
eliminating the aerodynamic troubles we are 
attempting to get rid of by using powered 
controls. 

Figure 4 shows that design for these 
emergency conditions would become difficult 
ie. ~Kb, << 0.12) for aircraft with spans 
above 150 ft. or so, This limit in span could 
be extended somewhat by changing the gear- 
ing between the cockpit control and control 
surface as the change to manual control is 
made, so that full stick travel corresponded 
more exactly to the minimum control angles 
specified; i.e. the mechanical advantage of the 


pilot could be increased possibly by as high 
a ratio as 3: 1. Also, the elevator power 
could be pared down, and a tail setting 
change used as a rough control. 

Bearing in mind the severity of the 
assumed conditions, however, it is not con- 
sidered likely that we would be able to use 
manual reversion to the satisfaction of the 
pilots on conventionally proportioned aircraft 
that have spans above 150-200 ft. Thus, as 
we see it at present, if powered flying controls 
are used on aircraft above these limits, a fully 
duplicated system should be used, so that the 
powered control was still relied upon in the 
emergency state of operation after partial 
failure. 

As a final alternative on the large aircraft, 
we could make use of a servo tab to reduce 
or remove the manual loads in the emergency 
conditions; but once having designed the 
servo-tab system to do this, which, as we 
have shown in Section 3, it can do easily, 
it would appear ridiculous to carry the 
powered control at all. 

There is no fundamental reason why 
duplicated powered flying controls should 
not be used in cases where manual reversion 
is practicable; but it would appear wise to 
rely on manual reversion in the emergency 
case as often as we can, so that we are 
absolutely confident of our ability to retain 
some control, even if it be limited, in any 
circumstances. We have an obvious penalty 
to pay if we use manual reversion, in that it 
is essential that full mass balance of the 
control surfaces be carried to prevent flutter 
in the emergency manual condition, however 
good the irreversibility of the system in the 
power-on case. On a duplicated system 
which has satisfactory irreversibility charac- 
teristics it is possible to remove the mass 
balance weights from the controls, but 
compared with a manual reversion system the 
additional weight necessitated by the dupli- 
cated units largely offsets the saving in mass 
balance weights, and the difference would 
seem well worth paying for, especially on 
civil aircraft, in view of the increased overall 
reliability. 

4.1.2. The effect of the method of 
providing “‘feel” on the design of a 
powered flying control with manual 
reversion 


The pilot requires some forces on the 
cockpit control, or “feel” as we call it, to give 
him some idea of the position of his controls, 
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Fig. 5 (a) & (b). 


Diagrams illustrating methods of obtaining proportional feed-back of the control surface 
hinge moments. 


and to return the control to the trimmed 

position on release. In a system with manual 

reversion it is possible to give this feel in one 
of two ways : — 

(i) by feeding back a proportion of the load 
on the unit which is holding the control. 
This can be done either by earthing one 
end of the power unit on to the input 
circuit, as shown diagrammatically in 
Fig. 5a, or, in hydraulic jack units, by 
feeding back the oil pressures in the jack 
to a subsidiary piston mounted on the 
control circuit, as shown in Fig. 5b. 


(ii) by giving the pilot completely artificial 
feel. 


The advantages to be gained from either 
of these methods from the point of view of 
the feel itself will be discussed later, but the 
layout of the complete powered control 
system has to be altered according to which 
method is employed. 

The design of the power unit itself is not 
changed radically by alteration in the degree 
of feed-back of “feel” from the control 
surface; in fact, the feed-back can be altered 
from zero to any desired value, merely by 
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sliding the jack anchoring point in Fig. 5a 
fom A, in the direction of B. The only 
slight complication that occurs as the feed- 
back is reduced, is that any tendency of the 
whole power control system to be unstable 
becomes more difficult to eradicate. This is 
due to the fact that with feed-back an oscil- 
lating load, say, in the hydraulic jack, is fed 
back through the feed-back mechanism 
directly on to the selection mechanism, and 
this operates the selection mechanism in a 
direction to damp the oscillation. The 
problem of preventing such oscillation is 
amenable to solution for any degree of feed- 
back. 

When proportional feed-back of hinge 
moment from the control surface is used to 
sive the pilot “feel,” the pilot trims out the 
control forces by use of the normal trimmers, 
ie. the trailing edge tabs. If the control 
circuit between the pilot and the surface is 
frictionless, trimming can be done accurately, 
and if the pilot cuts out the powered system 
and reverts to manual control, no force will 
be felt on the cockpit controls as the change 
is made; also, if reversion action takes place 
when the pilot has a load on the cockpit 
controls, and the resultant load on the control 


out of trim load with power on 


“proportion of feed-back 


is too much for the pilot to hold and he 
releases the stick, the ensuing motion of the 
aircraft is the same as if he released his 
controls before the power was switched off 
with the same trimmed conditions. 
Unfortunately, two things disturb this 
satisfactory position. Firstly, the friction in 
the control circuit between the pilot and 
powered control unit may be holding a load 
on the control surface up to a value equal to 


the limiting friction 

proportion of feed-back ’ 
which load the pilot will have to hold him- 
self on reversion. Secondly, the pilot may 
be tempted to mishandle the controls slightly 
by allowing the control surface to be more 
out of trim than he normally would, by 
reason of the lightness of the controls with 
power on, and in the event of power failure 
he will have to hold this out of trim force 
magnified in proportion to the feed-back, 
possibly in addition to that force which was 

previously masked by the friction. 
These considerations would appear to set 
4 lower limit to the permissible proportion of 


feed-back. It is thought at present that the 
best compromise is to base a requirement on 
friction grounds alone, by stating that the 
proportion of feed-back must be greater than 


the control circuit friction 


the maximum sudden load the pilot can be 
expected to hold 


Estimates of the values of the maximum 
loads the pilot can be expected to hold 
steadily, can be obtained from M. B. 
Morgan’s lecture to the Society on Ist March 
1945.‘*) Examples for an aircraft with wheel 
control are 80 lb. for the aileron, 110 Ib. for 
the elevator and 200 Ib. for the rudder. 
Although sudden loads of these orders will 
overcome him temporarily, he will be able to 
recover, provided that no structural damage 
has been done in the meantime; this situation, 
although not altogether ideal, might be 
accepted for the time being until more 
practical experience is available. 

When completely artificial “feel” is used, 
there is no direct and simple relation between 
the hinge moment held by the powered con- 
trol unit and the cockpit control loads. This 
is immaterial when the power is on, so long 
as we adjust the artificial feel to suit the 
Operational role of the aircraft. In the 
absence of special precautions, the pilot has 
suddenly to take the whole control load, when 
reversion is made to manual control, and 
there is no guarantee whatever that the 
resultant load will not be completely 
overwhelming, causing sufficient control 
movement either to break the structure of 
the aircraft or to place the aircraft in a 
dangerous attitude before control can be 
recovered. In addition, the pilot will still 
have to hold the artificial feel load unless 
another special mechanism is used to declutch 
it. It will also be necessary for the pilot to 
be provided with separate trimming on the 
control surface loads—since, in general, the 
artificial feel will be very small compared 
with the full aerodynamic loads—with the 
resultant difficulties of operating two indepen- 
dent trimmers acting on the same control 
circuit. 

It is believed that the best solution to this 
problem is to provide continuous automatic 
trimming out of the control surface hinge 
moments by means of tabs, whether the 
power is on or off. A sketch of a typical 
scheme is shown in Fig. 5. The hinge 
moment on the control is measured mech- 
anically by the deflection of a spring (A) 
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Fig. 6. 
Sketch illustrating principle of automatic trim tab on powered control system with artificial feel. 


placed in the circuit between the powered 
control unit and the control surface; when 
the load and, therefore, the deflection exceeds 
a given amount, a switch is made which 
allows current to pass to an electric motor 
(B) which in turn winds the tab (C) in the 
direction to cancel the hinge moment load. 
The spring load detector can often be just a 
length of the normal control rod, although 
sometimes a special spring member may be 
needed. The error in load cancellation, as 
measured by the load necessary to deflect the 
spring until the switch is first made, should 
be kept to a minimum, but with the simple 
system, as described, the limit is decided by 
the stability of the system; i.e. the tendency 
of such a system to hunt about the trim 
position must be prevented by increasing the 
error band until the motor-tab unit will 
always stop within that band after current 
has been switched off by the load falling to a 
value within the maximum error. 

To help in preventing instability, a com- 
promise can be made between the maximum 
error allowed in the trim, and the rate of 
operation of the trimmer; but the rate of 
operation of the auto-trim tab should be 
sufficient to enable full trim range, from one 
extreme to the other, to be covered in not 
more than about four seconds for small air- 
craft and about six seconds for large aircraft. 
Added sensitivity could be obtained by slow- 
ing the motor down gradually, say, by adding 
resistance into the motor circuit in one or 
two steps, as zero error was approached. 

This scheme, in addition to avoiding over- 
whelming of the pilot as manual reversion is 
selected, also provides other advantages : — 
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(a) for slow movements of the controls (i 
corresponding to less than the maximum 
rates of tab operation) the forces will be 
unaltered, power on or power off. 

(b) the range of aircraft to which manual 
reversion can be applied may be 
extended a little, although care must be 
taken to prevent both the main powered 
control system and the auto-trimmer 
failing together by separation of the 
power sources, and so forth. 

The scheme, although a form of duplica- 
tion of the power controls, using a powered 
drive to an aerodynamic servo tab instead of 
the direct manual drive as in a pure servo 
tab, is not really acceptable as a fully 
duplicated system because of the greater 
liability to failure of the simple auto-trimmer 
scheme than of a _ carefully developed 
powered control scheme. It would be unwise, 
therefore, to use the system to extend the 
size of aircraft employing manual! reversion 
beyond that at which unassisted manual 
reversion was completely impractical. Also, 
it must not be used at speeds where the tab 
power is suspect, without realising that com- 
plete reliance is in fact being placed on the 
single main powered flying contro] unit. 


Until more is known of the behaviour of tabs, | 


it would be better to put an auto-trimmer 


out of action in these conditions, to prevent | 


possible wild action of the tab. ; 
The “feel” of the control, when operating 

in the condition with the powered control 

unit failed and the auto-trimmer working, 


will be strange in that the maximum erfor | 
load on the stick must be reached without 


assistance, after which stage the control may 
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apparently lighten off. It is not anticipated 
that this will cause undue trouble ia control- 
ling; in fact, tests on a fighter aircraft some 
years ago with an auto-trimmer on a purely 
manual control were perfectly satisfactory in 
this respect. 


4.1.3. The method of reversion to manual 
control 


In the ideal system, the reversion to 
manual control in the event of power failure 
should be automatic, whatever the kind of 
failure that has occurred, although indication 
should be given to the pilot or engineer that 
the change-over has happened. It appears 
possible to produce such a result with certain 
specific types of control, although no working 
example has been produced yet in this 
country; with many types of unit the diffi- 
culties may be large. Some systems are able 
to give automatic reversion in response to 
certain types of failure, such as loss of power; 
but the really difficult case is the runaway 
control, and although the likelihood of its 
happening depends critically on the type of 
unit, there is usually a possible type of failure 
in every power unit which will cause this 
result. 

At present we tend to let matters slide a 
little by taking advantage of the fact that if 
any form of failure occurs, the pilot’s one 
obvious remedy is to cut the powered control 
out and return to manual control and, 
providing the single action to cut power out 
is positive, simple and unambiguous, control 
can be quickly restored. It is wrong to do 
this, however, for even an alert pilot will not 
be able to cut out a control which is rapidly 
tunning away (possibly up to 30-60° /sec.) 
before damage has occurred, and if the pilot 
Is not expecting this rare trouble, or the 
automatic pilot is in control at the time, even 
a slow runaway may be catastrophic. Cases 
of accidents or near accidents because of this 
are already on record. 

We should, therefore, either ensure fully 


cases, or make it impossible for a control to 
tun away, in which case a_ pilot-operated 
teturn to manual control would be more or 
less acceptable. (The mechanically selected, 
Variable stroke pump scheme, as flying on the 
Lancaster at the R.A.E. is a close approxi- 
mation to this last condition.) 

If automatic reversion in the event of a 
tunaway control is being attempted, it is 


usually found that the instinctive action of 
the pilot or the automatic pilot to resist the 
runaway has to be used to “trigger off” the 
reversion action. This instinctive action of 
the pilot can be interpreted in two ways:— 


(a) an increased force exerted by the pilot 
against the direction of movement. 


(b) a selection by the pilot of a movement 
of the control in opposite direction to 
the runaway motion (e.g. the pilot will 
be attempting to set the selecting 
mechanism of the power unit to forward 
motion while the control is running away 
backwards). 


As the pilot may take an appreciable time 
to increase his force on a control, even 
though it is running away from him, whereas 
he will immediately and automatically 
oppose the direction of motion (i.e. his 
muscles may take time to develop the force, 
while the inertia of his body is always 
present), it is probably better to use the 
principle involved in (b) above to operate the 
reversion mechanism rather than that in (a). 

It is the usual practice to make provision 


_for the powered controls to be put back into 


operation in flight, after they have been out 
of operation. This enables a failed unit to 
be put back into circuit if a repair is found 
possible in the air; also it considerably eases 
instruction in the handling of the aircraft 
under failed conditions, of which a large 
amount must be done because of the added 
difficulties in this emergency condition. 
When the powered controls are to be engaged 
in flight, care must be taken to prevent a 
sudden severe jerk on the power unit and 
control as power is switched on; this may 
arise because the mechanism is in a position 
to select full power before power is switched 
on. There are two obvious ways to prevent 
this : — 

(a) to keep the selection mechanism central 
until power is fully switched on. This 
has the advantage that the backlash 
between input and output that is neces- 
sary to provide the selection movements 
during power-on conditions, and is not 
felt in that condition because of the 
action of the follow-up mechanism, is 
not felt either in the power-off condition, 
where otherwise a clear backlash would 
be felt; or 


(b) to bring the power unit into engagement 
after full power is switched on. 
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4.1.4. The effect of systems with manual 
reversion on the stability of the 
aircraft 


(a) With proportional feed-back of feel 


With this method of providing feel, the 
stabilities of the aircraft about all axes are 
unaffected by the powered controls and, with 
the exception of the ailerons, the usual close 
attention has to be paid to the hinge moments 
of the control surtaces, and especially the 
value of b, (the rate of change of control 
hinge moment coefficient with incidence) has 
to be manipulated to restrict the change in 
stability on freeing the cockpit control. On 
the aileron control the effect of freeing the 
stick is usually small and we need not bother 
about the b, term. 


(b) With artificial feel 


It is extremely unlikely that any practical 
form of artificial feel will contain any element 
which gives a change in force on the controls 
with change in incidence, i.e. the ‘‘b, effect” 
in the artificial feel will be zero, and indepen- 
dent of the actual hinge moment coefficients 
of the surfaces concerned. In general, there- 
fore, there will be no change in stability on 
freeing the cockpit control. Further, if we 
had only to design the controls for the power- 
on condition, we would have no need to 
bother about the hinge moment coefficients 
of any of the control surfaces. 

This is possible, if a reasonably reliable 
automatic trimmer of the control surface 
loads is provided, for then the cockpit control 
forces in steady conditions will be unaffected 
by failure of the main powered control units; 
which provides us with another powerful 
argument for using the automatic trimmer. 

If an automatic trimmer is not used, or we 
have doubts about the reliability of the auto- 
matic trimmer during the time elapsing 
between powered control failure and com- 
pletion of a landing, plausible stability 
conditions will have to be guaranteed in the 
emergency conditions with powered controls 
failed, and we will not be able to ignore the 
hinge moment characteristics of the elevator 
and rudder controls. It should be possible 
to allow certain relaxations on the degree of 
stability required in the emergency con- 
ditions. For instance, a reduction in the 
directional stability pedal-free might be 
allowed when the powered control units 
failed, as long as thé stability was still 
positive, and a reduction in the longitudinal 
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static stability margin with stick-free might 
be tolerated, even a slightly negative margin, 
so long as the stick forces to correct the slow 
divergence in pitch were reasonable, and the 
manceuvre margin still well positive. 

There should be no difficulty in preventing 
a reduction in the stick force per “g”; this 
can be done by setting a limit on the per. 
missible forward movement of the manceuvre 
point stick-free, that limit being adjusted by 
the degree of increase in the stick forces due 
to the powered control unit failure. Account 
should be taken of the stabilising effect of the 
artificial feel during investigations into the 
kind of control balance required. 


4.2. DUPLICATED POWERED FLYING 
CONTROLS 


During the discussion in the previous 
Sections on the other methods of control 
operation, it has been shown that for some 
applications, notably on ultra high-speed 
aircra.t, we must regard duplicated powered 
controls as essential in the present state of 
our knowledge. In other applications, 
especially on the very large aircraft, reversion 
to manual control in the event of a failure in 
the powered control system is impracticable, 
and if we use powered controls, duplication 
becomes necessary. There is a great attrac- 
tion, however, in using duplication where it is 
really unnecessary; this is because of the 
resultant possibility of complete removal of 
the control surface mass balance weights, 
making use of the irreversibility of the 
powered control units to prevent flutter. In 
fact, if we use duplicated powered controls, 
even in cases where it is essential, we are 
more or less bound to dispense with the mass 
balance weights in order to save the consider- 
ably increased weight of the powered 
controls. 

In many systems, failure of the complete 
duplicated powered control system on any 
one surface will cause irreversibility to be 
lost on that surface and, in general, flutter 
will ensue and wreck the aircraft in a very 
short time. Even if irreversibility is not lost 
following a complete failure, or if the 
forward speed of the aircraft is so low that 
the flutter boundary has not been reached, 
disaster would almost certainly follow from 
the loss of control alone, although it is just 
conceivable that, in some circumstances. 
failure of the complete aileron system could 
be offset by the use of rudder, and vice versa. 
These dangers focus extreme attention on the 
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necessity to provide sufficient reliability to 
make a failure of the complete system on any 
control surface almost impossible, and it 
would be as well to discuss what this means 
before passing on to the more detailed 
considerations. 

42.1. The “reliability standard” of dupli- 
cated powered controls 


The degree of reliability that it is necessary 
to obtain on military aircraft is difficult to 
ascertain, bound up as it is with the necessity 
to include vulnerability, the permissibility of 
allowing increased loss rates in operations, 
and the need to accept increased accident 
rates if conditions dictate the use of the 
duplicated systems, as they do on ultra high- 
speed aircraft. On civil aircraft we are on 
firmer ground and perhaps we can _ use 
estimates of the suitability of a given system 
to provide sufficient reliability on this class of 
aircraft to guide the use of such systems on 
military aircraft. 

Suitable data for civil aircraft may be 
obtained from a paper given during the 16th 
Annual Meeting of the Institute of Aero- 
nautical Sciences by J. Lederer.) In that 
paper it is stated that on scheduled American 
airlines in the years 1944-6, there was, on 
the average one death for every 59,000,000 
passenger miles travelled. It is most unlikely 
that we could allow more than a 10 per cent. 
increase in that accident rate caused solely 
by crashes resulting from a complete failure 
of one of the duplicated powered flying 
control systems. Probably most people 
would rather this percentage were smaller, 
but starting off with this as a basis, and 
further assuming that: — 


(a) the average block speed of the aircraft 
is 200 m.p.h., 


(b) about 80 per cent. of the occupants 
would be killed in a crash because of a 
complete control failure about one axis 
of the aircraft, 

(c) the average duration of flight after the 
failure of one half of a duplicated 
control is about two hours (it would be 
longer if only cross-oceanic flights were 
considered), 

itcan readily be shown that any one of the 

three main controls should not fail more 

than once in 44 million hours flying and, 
therefore, one individual control must not 
fail more than once in 14 million flying hours. 

This is, indeed, a very small failure rate, and 
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even if we assume that there are no cross 
couplings at all between the two halves of 
the duplicated power unit, so that no type of 
failure on one half unit could influence a 
failure, or make a failure more likely, on the 
other half unit, it would still mean that each 
half unit must only have a failure rate of one 
in 3,800 hours flying. This failure rate is 
roughly equal to that which we get on 
modern reciprocating engines on aircraft, and 
we shall do well to attain that reliability on 
our first attempts at producing powered 
flying control systems. 


In practice, it is likely, moreover, that cross 
couplings between the two halves of a 
duplicated power unit will exist and the 
reliability will thereby be decreased, neces- 
sitating a corresponding increase in the basic 
reliability of the half unit. These quoted 
random failure rates have no direct bearing, 
of course, on the life of an individual unit; 
the design of the unit will have to be such 
that the normal wear and fatigue stressing 
likely during its estimated duration of use will 
not cause mechanical failure of any parts. 
It will be possible to make ground endurance 
tests enabling the safe life of a particular 
unit to be ascertained. 


On civil aircraft especially, therefore, we 
should not let ourselves drift into the 
assumption that, if we duplicate the powered 
control system and make it perform satis- 
factorily and demonstrate its ability to cope 
with various types of failure, then we can 
automatically forget about the possibility of 
complete failure. The ingenuity of the 
mechanical, hydraulic and electrical engineers 
will be taxed severely to provide us with the 
necessary reliability, and exceptional care will 
have to be taken in the manner in which the 
half units are connected together, and in the 
measures used to diagnose failure and switch 
the offending units out of action. Unfor- 
tunately, the failure rates we have to aim for 
on civil aircraft are so small that, even in 
the most exacting and lengthy laboratory 
tests, we would have no chance of proving 
a complete system before it was required for 
installation in service aircraft. We should 
only be able to obtain an idea of the failure 
rate of a half unit and, making some allow- 
ance for the failure rate due to cross coupling 
effects, estimate the reliability of the complete 
duplicated system. The main testing of the 
reliability of the system must occur in 
service, a not altogether satisfactory state of 
affairs considering the seriousness of 
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Fig. 7 (a) & (b). 
Diagrams illustrating alternative methods of duplicating the powered control system on a 
single control surface. 


iw! complete failure. On military aircraft, even 
4 with the possibility of accepting somewhat 
tf higher failure rates, this situation would not 
be very much modified. 


4.2.2. Duplication of drive to a_ single 

control surface 

The raethod of duplication which has 
attracted most attention in this country, is the 
obvious one of providing on each control 
surface two power systems, which normally 
work together, but, in the event of failure of 
one, the other takes over complete charge; 
each of the half power units may be capable 
of either applying the full design torque at 
half rate, or half the design torque at full 
rate. Two variants of this system are shown 
in Figs. 7(a) and (b). 

In Fig. 7(a), the power systems are 
separate right to the control surface itself, 
each with its own individual drive; the output 
drives are always mechanically coupled by 
the contro] surface itself, and the input drives 
are directly connected if mechanical trans- 
mission of input signals is used, but not 
necessarily so if electrical transmission is 
used. In the event of failure of one unit, the 
offending unit has to be disconnected or 
by-passed to enable free movement of the 
control surface, and over-travel or even 
disconnection of the input system to the 
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failed unit may be necessary, depending on 
the method o; transmission of the input 
signal and the method of disconnection of the 
main output drive. 

In Fig. 7 (b), the drives from the two power 
units are taken on to the control surface 
through a differential unit. The output drive 
from the differential may be single through 
a thoroughly reliable mechanical irreversible 
unit, or split into two or more drives, each 
with its own mechanical irreversible unit, 
either to the same complete control surface 
or, to two or more separate sections of the 
control surface. In the event of failure of 
one half unit, the failed unit must remain 
locked or else the differential will cause free- 
wheeling of the good unit. Also, because of 
the coupling of the systems together at the 
differential, the differential unit and the main 
drive therefrom must possess superlative 
reliability, i.e. on a civil aircraft the failure 
rate must be appreciably less than the one in 
14 million hours allowed for the overall 
failure figure. 

It is obvious, even from the brief descrip- 
tions of two examples of the methods used to 
duplicate units, that the ability of one unit 
to carry on satisfactorily after failure of the 
twin unit may be dependent on the correct 
operation of certain cut-out or locking 
devices. These devices may in themselves 
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cause a failure, either through diagnosing a 
failure when none exists, or by a mechanical 
breakdown of their own. These comments 
on the dangers that may exist are only of a 
seneral nature, but it is impossible to go 
further without examining a particular system 
in mechanical detail, and this is not in the 
province of this paper. 

Some of the snags may be avoided by the 
use of mechanical irreversible units, e.g. 
simple screw jacks; as in scheme (b) for 
instance, where, by suitable arrangements of 
irreversible units in the drive to the control 
surface, flutter can be made _ practically 
impossible even when power failure is com- 
plete; also, if the power is delivered into the 
main differential unit through an irreversible 
unit, the problem of locking the failed power 
unit is absent, provided that the irreversible 
unit is completely reliable. The one great 
drawback to the use of genuine mechanical 
irreversible units is that the efficiency of the 
powered system as a whole will fall and a 
greatly increased power input will be 
necessary. 

In any particular design, there is no 
doubt that the failure of every part of the 
mechanism, except well-tried and accepted 
simple mechanical parts, should be assumed 
to be possible, and the effect on the system 
of each type of failure examined to see if 
the arrangements for obtaining the emergency 
control are satisfactory. All safety devices 


POWER LINES 
SIGNALLING LINES. 


THE USE OF POWERED FLYING CONTROLS IN AIRCRAFT 


must be automatic; it is unlikely that we 
shall be able to give the pilot a simple, 
unambiguous method of jettisoning or putting 
out of action the failed half unit in case of 
trouble; in particular attention should be 
paid to measures to deal with types of failure 
involving a runaway control. In view of 
their complexity, the case for exhaustive 
laboratory tests on every duplicated system, 
with every detailed part of the mechanism 
included, is undeniable, even though, as is 
pointed out in the last Section, it is 
unlikely that sufficient testing can be done 
to prove the reliability of the complete 
system, for at least we can assure ourselves 
of satisfactory functioning and life of all the 
various mechanisms, Further, a strong case 
can be made out for testing each such system 
in flight, on an aircraft on which reversion 
to manual control is possible, special atten- 
tion being paid to the functioning of the 
safety devices. 


4.2.3. Duplication of control surfaces— 
the “multi-surface powered control 


There is a _ fundamentally different 
approach to this problem of duplication to 
be obtained by using what might be called 
a “multi-surface powered control system.” 
As illustrated in Fig. 8, we can subdivide 
the total control surface area acting about 
one axis of the aircraft into a number of 
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completely separate sections, all of roughly 
equal control power, and drive each by its 
own power unit through two, duplicating, 
irreversible units; the provision of two 
irreversible units in parallel would obviate 
risk of flutter due to the mechanical failure 
of one irreversible unit. If, in addition, the 
signal for control surface movement, as 
selected by the pilot by movement of his 
cockpit control, is transmitted to each of the 
power units by an elastic transmission system, 
we are able to guarantee control after a 
single failure without any safety devices or 
emergency switchovers. This is _ possible 
because we can allow one of the sections to 
jam or run away to extreme travel (or 
to the maximum deflection to which the 
power control can drive it), and still provide 
sufficient control by means of the other 
sections, so long as the transmission system 
on the failed unit can stretch to allow for the 
difference in position of the failed and 
unfailed units. In general, this transmission 
system would be electrical, as by that means 
we can obtain an elastic system which has 
little or no reactive force on the cockpit 
control when there is a large positional error 
between the cockpit control and the control 
surface. 


The number of sections into which it would 
be necessary to divide the control surface 
would be dependent on the amount of control 
that would be needed with one section failed 
in the most adverse condition, but usually 
four would be sufficient, as then a minimum 
of half the original control power would be 
available after failure of a single section. By 
keeping separate signal transmission systems 
to each section, and either by using a separate 
power source for each section, as can be done 
on a large aircraft, or using a well-backed 
D.C. system for the power source for all 
sections, we have a system in which no cross 
couplings exist between any of the sections, 
and in which no reliance is placed on sub- 
sidiary mechanisms. 


As indicated in Section 4.2.1., this 
should appreciably decrease the risk of two 
units failing together; but, we can even stand, 
without immediate catastrophe, two sections 
of one main surface failing on the same flight 
providing both do not consist of runaway 
failures in the same direction, although 
landing might be difficult. Further, it may 
be practicable, particularly on large aircraft 
where space is not so limited, to provide 
some emergency means of slowly winding a 
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failed section back to its neutral position 
after warning has been given to the flight 
engineer that failure has occurred. 

From the structural aspect, we should have 
to design the main surfaces to withstand the 
maximum possible control deflection being 
applied on any one section of each of the 
main control surfaces, although at any given 
speed the deflection would be limited by the 
maximum torque developed by each power 
unit. The movement of the other sections, 
necessary to balance the control action of the 
runaway section, however, would provide a 
relieving torque on the relevant main 
surface. The subdivision of the control 
surface will provide us with an appreciable 
weight saving in one direction for, on the 
smaller span sections, it will be easier to meet 
the torsional stiffness criteria necessary to 
prevent either flutter or any undue reduction 
of control power, than it will be on a con- 
tinuous surface. 

It must be admitted that the weight of say, 
four quarter power units necessary in the 
“multi-surface” system might be somewhat 
greater than that of the two half power units 
necessary in the ordinary duplicated unit 
system, despite the extra weight of the 
change-over and _ detection mechanisms 
needed in the latter. It is felt strongly that, 
even if there appeared to be a slight weight 
penalty to pay for using a “multi-surface 
system” instead of the normal duplicated 
unit system, it would be worth paying, 
especially on civil aircraft, because of the 
greater reliability and simplicity of layout. 

There is another advantage to be gained 
by the use of the “multi-surface control,” in 
that it is easy for the pilot to put any par- 
ticular section out of action, without any 
necessity for a complicated switchover 
mechanism, e.g. by merely switching off one 
transmission system or one power supply. 
This may be of great importance on the ultra 
high-speed aircraft, where the possibility of 
the failure of the conventional trailing edge 
type controls to produce satisfactory lifting 
characteristics cannot be ignored. Then we 
can make the sections of the “multi-flap 
system” dissimilar; for instance, two sections 
might be of the normal trailing edge type and 
two of the type needed at the very high 
speeds, and we could switch the two trailing 
edge controls out of action at high speeds. 

It might be necessary to set the “low 
speed” controls to neutral for flight at high 
speeds; this can be achieved by transferring 


a 
| 
| 
| 
( 
(| 
| 
( 
| 
a 
af 
al 
tr 
he 
In 
I 


sition 


flight 


1 have 
id the 
being 
of the 
given 
by the 
power 
ctions, 
of the 
vide a 
main 
ontrol 
ciable 
on the 
meet 
ary to 
juction 
a con- 


of say, 
in the 
1ewhat 
r units 
d unit 
of the 
anisms 
y that, 
weight 
surface 
licated 
paying, 
of the 
yout. 
gained 
rol,” in 
1y par- 
ut any 
tchover 
off one 
supply. 
ultra 
ility of 
edge 
lifting 
hen we 
ilti-flap 
sections 
ype and 
y high 
trailing 
speeds. 
e “low 
at high 
sferring 


THE USE OF POWERED FLYING CONTROLS IN AIRCRAFT 


the control of the “low speed” control 
surfaces from the pilot to slow moving 
auxiliary trimmer motors, instead of switch- 
ing the “low speed” controls completely out 
of action. The pilot could then motor the 
“low speed” controls to the neutral position 
by means of these “trimmers.” These same 
trimmer systems could be used to line up 
the low speed controls with the cockpit con- 
trols before re-switching them into circuit as 
the flight speed was reduced. 


4.2.4. Effect of duplicated controls on the 
stabilities of the aircraft 


In all cases the irreversibility of the system 
in both normal and emergency will com- 
pletely obviate the effects of the control hinge 
moment characteristics. All stabilities will 
correspond, therefore, to the “‘stick-fixed” 
case, unless the artificial feel unit that is 
necessary with the irreversible controls has 
some special device for varying the control 
forces with the incidence of the main aerofoil 
surfaces. 


43. DESIGN CONSIDERATIONS FOR 
POWERED FLYING CONTROLS 


4.3.1. 


The four main characteristics defining the 
performance that is required from a powered 
control system to enable satisfactory appli- 
cation to a particular control surface are : — 
(a) the maximum rate of operation of the 
control surface, 

(b) the maximum torque required to be 
developed at the surface, 

(c) the peak h.p. required at any time, 

(d) the mean h.p. or the most severe duty 
cycle required. 

Dealing with the rates of control movement 
first, there is a clear-cut division between the 
control surfaces which are most vigorously 
ued at low flight speeds, and those which 
are required to be used rapidly also at high 
speeds for manceuvring, Into the former 
lass come all the controls of civil transport 
aircraft, the rudders of most military aircraft 
in the absence of rapid changes of directional 
trim with power at high flight speeds, and the 
dlvators of all military aircraft which do not 
have to enter the region where rapid changes 
in the longitudinal trim are likely to occur. 
In the latter class come the ailerons of all 
military aircraft and the elevators of ultra 
high-speed aircraft. 


Performance 


Flight tests have been proceeding at the 
Royal Aircraft Establishment on tne mini- 
mum values of the maximum rates of control 
operation which are necessary on a Lancaster 
aircraft for take-off and landing in bumpy 
weather. It is of little use attempting to 
assess these minimum rates by measuring the 
rates used by pilots on normal manual 
controls, as by doing so we include any 
unnecessary over-controlling on the part of 
the pilot. To demonstrate an example of 
this, Fig. 9 is a typical record of the control 
movements used in an actual take-off and 
landing on a Lancaster aircraft; the violent 
motions of the controls, notably the rudder, 
will be seen. The only reasonable way to 
eliminate the over-controlling is actually to 
restrict the maximum rates of operation and 
to ask the pilot to judge, in various weather 
conditions, when his ability to control the 
aircraft is seriously impaired by the restric- 
tions; the restrictions in rate can be obtained 
conveniently when certain kinds of powered 
controls are fitted. 


It is difficult to assess these rates 
accurately, as almost complete reliance must 
be placed on the pilot’s opinions, but the 
approximate minimum values as a mean of 
those given by a group of pilots are 30° /sec. 
for the elevator (limit set by control over the 
aircraft near the ground, and bumps on the 
approach), 30°/sec. on the rudder (limit set 
by control on take-off and in cross-wind 
landing) and 45°/sec. on the aileron (limit 
set by wing dropping due to gusts on the 
approach). It is considered that these would 
be sufficiently accurate to be taken as 
minimum values for an aircraft of Lancaster 
size (100 ft. span, 60,000 Ib. A.U.W.), but 
a method of extrapolation to other sized 
aircraft is necessary. This is provided 
by the work of Ref. 5; Fig. 10, which is 
reproduced from that report, shows how the 
response in roll, of various sized aircraft, will 
be affected by restriction of the maximum 
rate of control movement. By assuming that 
a constant percentage loss in response can 
be allowed on all sizes of aircraft, we can 
extrapolate the figure of 45° /sec. as obtained 
on the Lancaster to other sizes of aircraft. 
Methods of extrapolation are given for the 
other two controls, and it is considered that 
sufficiently good estimates of the maximum 
necessary rates for low speed flight will be 
obtained by this method, until checks are 
available on more widely different sizes of 
aircraft. 
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Fig. 9 (a) & (b). 


Records of elevator and rudder control movements during typical take-off and landing on 
Lancaster aircraft. 


For the controls on which the maximum 
rates of movement are needed at high flight 
speeds, it is unlikely that we can permit a 
reduction in maximum rate to a value below 
that which the pilot would normally apply on 
the control surface without powered controls, 
i.e. $ to 4 second for full control deflection 
from neutral on stick type controls, and 4 to 
4 second on wheel type controls. Again, until 
we have further actual experience in flight, 
it is suggested that the control rates should 
be set on this basis. It will usually indicate 
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that about 50 to 70° /sec. should be used for 
the relevant controls of fighter aircraft, and 
45 to 60°/sec. for bomber aircraft. 

The maximum torque required by any 
control surface will be dependent on the 
control deflections required for the particular 
flight cases, and the degree of balance of the 
control surfaces, besides the main geometry 
of the controls. It is not possible, therefore, 
to generalise in any way about the torques 
required, but once having decided on a value 
in the particular case, the peak h.p. required 
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from the power unit will follow immediately 
from consideration of the maximum rate of 
control deflection required. The peak h.p. 
output from the power unit will always be 
many times the mean h.p. output required; 
for even if a control is kept in continuous 
oscillation from side to side at maximum 
rate, the mean h.p. absorbed by the control 
isonly one quarter of the peak h.p., neglecting 
aerodynamic damping which is reasonably 
small at the control surface operating speeds. 
§o it is important that we should treat the 
peak h.p. conditions as an over-load case, and 
decide on approximate duty cycles to give us 
the mean h.p. output required. As it is 
clear we must cater for the worst conditions 
ever likely to be encountered, it is difficult to 
obtain by experiment the duty cycles required 
or to be dogmatic about them, but it is 
suggested that the following could be used as 
first approximations : — 

(i) If low flight speed conditions are the 
critical ones from considerations of h.p. 
required, then the control should be assumed 
to be moving continuously for at least two 
minutes in the fastest possible sinusoidal 
motion through +10 per cent. of the 
maximum deflection, with a superimposed 
excursion to full deflection and back at 
maximum rate, once every three to four 
seconds. 

(ii) If high speed conditions are the most 
severe, then it should be assumed that a rapid 
side-to-side motion of the control surface at 
maximum rate, the amplitude corresponding 
to the maximum deflection permissible at the 
fight speed considered, persists for 10 
seconds, followed by a period of one to two 
minutes rest or slight oscillation. This cycle 
might be assumed to be continuous. The 
maximum rate, or the mean maximum rate 
for full control deflection, could be allowed 
to fall 25 per cent. during the 10 seconds 
tapid oscillation. 


43.2. Some structural considerations 


As with servo-tab and all other control 
systems, the required torsional stiffness of 
the main control surfaces themselves when 
powered controls are used depends on two 


major factors, either of which may be the 
nitical one:-— 


(@) the tendency of the control surface to 
flutter, 


(6) the tolerable loss in control power at the 
top limiting speed. 


When full mass balance is carried (as it 
must be when, in emergency, reversion to 
manual control is used), the situation with 
regard to flutter will be similar to that with 
servo tabs (see Section 3), in that, if 
the mass balance weights are distributed 
uniformly, there is no requirement for 
torsional stiffness from flutter considerations; 
but if they are not distributed, there will be a 
minimum stiffness from flutter considerations. 
With powered controls we will always be 
driving the control at isolated points and 
there will always be a lower limit to the 
torsional stiffness needed in order to meet (b) 
above. An allowance of a 20 per cent. loss 
in control power at the highest flight speed 
would not seem unreasonable. The required 
torsional stiffness will increase as aero- 
dynamic balance is decreased; but we can get 
considerable relief from driving the control 
surface at more than one point, although due 
allowance must be made for the increased 
complexity of the drive, and the necessity to 
prevent undue alignment errors between the 
various points of drive. 

If the powered control system is duplicated 
and all mass balance weights are deleted, 
the torsional stiffness criteria will probably 
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Effect of rate of aileron application upon time 
required to correct for wing drop. 


271 


MAX, 
cr 
=| 
5° 4 
10°" 
20° 
-20° 
On 
ge 
20° 
fe) 
= 
| 
= 


D. J. LYONS 


be decided entirely from flutter consider- 
ations. The stiffness of the powered control 
drive between the earthing point on the main 
aircraft structure and the control surface 
hinge line (i.e. the hinge stiffness) will be an 
important factor, however, in guiding the 
requirement for the torsional rigidity of the 
surface, as it is the combined effects of the 
torsional and hinge stiffnesses which we must 
allow for in considering the flutter aspects. 
Again, considerable relief will be obtained by 
driving the control surface at more than one 
position; this is, of course, already done in 
the “mutti-surface” system described in 
Section 4.2.3; also, the difficulties of 
accurately aligning the systems or drives are 
avoided in this particular system. 


When reversion to manual control is used 
as the standby in emergency, the contro] run 
from the cockpit to the power unit will have 
to be stressed for the full pilot’s loads, and 
the control circuit from the power unit to 
control surface must be stressed for the full 
power unit load, possibly with the addition 
of the pilot’s full load as it is possible for 
them to add together on this part of the 
circuit. It is, therefore, of advantage in order 
to save weight to extend the lighter circuit 
from the cockpit to the power unit as far as 
possible, i.e. to put the power unit as close 
as possible to the hinge line of the control 
surface. It is generally found that this will 
make it more difficult to prevent an unstable 
oscillation of the power system because of 
the greater elasticity of the input circuit, 
although the problem of avoiding the 
instability should not be insoluble in any 
particular case. We can ease the problem 
by placing the power unit close to the control 
column but we have to pay the price of the 
increased length of the heavier circuit from 
power unit to control surface. 


With duplicated control systems, the signal- 
ling transmission system from cockpit to 
power unit might be either mechanical, elec- 
trical or even hydraulic. If it is mechanical, 
it will usually be necessary to stress it for the 
full pilot’s loads, as there is, in most cases, 
a limited displacement error in between the 
input and output, and the pilot, by moving 
the input faster than the maximum rate of 
the output, can press with his full force on 
the input circuit when the limiting error is 
reached; all this will usually be true in the 
case of hydraulic signalling transmission 
systems as well. If the transmission system 
is electrical, the mechanical part of the input 
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circuit need only be very small; the parts will 
be stressed for the maximum artificial fee] 
loads or the full pilot’s loads, depending on 
the positioning of the circuit stops. 


4.3.3. Use with an automatic pilot 


In general, the automatic pilot will demand 
a better standard of response from the 
powered control surface than the human 
pilot demands, i.e. there will be closer 
tolerances on the permissible lags between 
input and output at various control surface 
velocities. This is caused by the increased 
accuracy of flight which we ask from the 
automatic pilot, and the absence of the 
capability of the human pilot for acting half 
as a filter and half as an intelligent antici- 
pator of what the control is going to do. 
The type of output movement from a 
satisfactory automatic pilot installation is not 
only dependent on the actual automatic pilot 
being used, but critically so on the charac- 
teristics of the aircraft and control surface to 
which it is being applied. As the most likely 
form of trouble with an automatic pilot- 
powered control combination is a lack of 
stability of the system, the problem must be 
considered as a whole with the three main 
factors included, i.e. automatic pilot, powered 
control and aircraft. The designer of the 
powered control system is not in the position 
to examine the whole problem, and he must 
be given details of the necessary character- 
istics which his system must produce for 
specific installations, as well as a general 
survey of the likely trends. The obvious 
sources of such information are the auto- 
matic pilot designers, but great care must be 
taken that a relatively poor performance on 
the part of an automatic pilot is not reflected 
in a demand for a really unnecessarily fine 
standard of accuracy from the powered flying 
control. 

It is quite admissible to use the automatic 
pilot as part of the main powered control 
system, i.e, the vilot can select movements of 
the control surfaces using parts of the auto- 
matic pilot to transmit his signals and the 
servo of the automatic pilot as the first 
amplifying stage of the powered control untt. 

This may enable a much smaller automatic 
pilot servo to be used, but it is then probably 
essential to motor the cockpit controls in 
phase with the control surfaces by an extra 


servo, or by a mechanical run from the main / 


servo to the cockpit control in parallel with 
the electrical transmission to the automatic 
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pilot, in order to prevent difficulties in 
switching the automatic pilot in and out; so 
weight may not, in fact, be saved. In many 
applications, also, although the accuracy 
demanded by the automatic pilot is higher 
than the human pilot, the demands for 
control rates of movement, and so on, may 
be greater in certain circumstances when the 
the human pilot is in control; this may lead 
to greater demands on the automatic pilot 
transmission system than would normally be 
required for a straight automatic pilot 
installation. 

There are other advantages in connecting 
the automatic pilot directly with the pilot’s 
control run in the normal way, in that, if it is 
thought necessary to prevent the automatic 
pilot applying dangerous amounts of control, 
the existing safety devices fitted to the cockpit 
controls to prevent the pilot causing 
structural damage can be used to limit 
the automatic pilot’s movements also. In 
addition, the tendency to lighten the pilot’s 
operating loads on the heavier aircraft (see 
Section 5) will result in smaller automatic 
pilot servos than would be necessary at 
present. 


43.4. Friction 


The mechanical friction which exists in a 
powered control system can be divided into 
three parts : — 

(a) that in the input circuit, 

(b) that in the output circuit, 

(c) that in the follow-up circuit, operating 
valves, and so on, which is only felt as 
the displacement error between cockpit 
control and control surface is changed 
(ie. generally when the rate of control 
Operation is changed). 


_ The value of (a) is just as important as it 
is with normal direct manual controls, only 
due care must be taken in using the standard 
limiting values quoted in various official pub- 
lications, as these apply to controls with the 
normal level of overating forces as existing 
to-day. If advantage is taken of the ability 
of the powered controls to produce very light 
forces, especially on large aircraft, these 
limits must be considerably reduced also, in 
oder to keep satisfactory  self-centring 
characteristics, Flight tests on the limiting 
values with various levels of control forces 


| {fe in progress, but the results are by no 


means settled yet; the indications as far as 
they go are that, for low speed flight, the 
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friction should not form more than 10 to 
20 per cent. of the operating forces for full 
deflection at approach speeds to provide 
satisfactory control, and not more than 30 
to 40 per cent. to avoid difficulty in obtaining 
accurate control of the aircraft. If the control 
forces vary as the square of the flight speed, 
this condition will cover the high speed 
requirements as well, but with plain spring 
feel something much better is required, 
especially on the elevator. 

If “feed-back of feel” is used, an addition 
must be made to the value of (a), equal to 
the value of (b) x the proportion of feed- 
back; otherwise the value of (b) is only 
important on systems with manual reversion, 
when the aircraft is under manual control. 
The friction in this case can be allowed to 
be rather larger than the normally accepted 
limits, probably up to 15, 25 and 40 Ib. for 
the aileron, elevator and rudder circuits 
respectively; the value of other extraneous 
forces in the power unit itself, felt by the 
pilot during manual control, such as pumping 
losses in the jack, should be included in these 
figures. 

The value of (c) must be kept down to an 
absolute minimum, as excessive friction in 
that part of the circuit causes a “lumpy” 
control, with a tendency to run away from 
the pilot after movement has been initiated. 
Flight tests, up to the present, suggest that 
this form of friction should be kept down to 
such a value that not more than two to 
four Ib. are needed at the cockpit controls to 
overcome it, but again the general level of the 
control forces will affect this figure, and later 
experience sould enable us to make closer 
estimates of its value in any particular 
circumstances. 


5. THE PILOT’S OPERATING FORCES 


As pointed out in Ref. 1, with direct 
manually operated controls, we have often 
had to accept much greater forces to 
manceuvre an aircraft than we would like, in 
order that the control forces should bez 
sufficiently large to prevent or dissuade the 
pilot from causing structural damage. This 
policy fitted in reasonably well with the 
inherent difficulty of balancing a control so 
that the operating forces were light. The use 
of either powered controls or servo-tab 
controls, by reason of tke possibility of 
obtaining any proportion of feed-back of the 
hinge moments on the control surfaces to the 
cockpit controls, provides us with a 
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tremendous opportunity of varying the forces 
that the pilot has to apply to move the 
controls in any manner we choose. 

With powered controls, there are two 
methods of providing the pilot with control 
operating forces : — 


(a) by feeding back a certain proportion of 
the actual control hinge moments to the 
cockpit controls, with or without 
additional artificial forces, 


(b) by making the feed-back zero and 
supplying totally artificial feel. 


Although it is not strictly impossible to use 
(a) in the case of duplicated controls without 
mass balanced control surfaces, the difficulty 
of assuring ourselves that the power unit is 
supplying sufficient damping to prevent flutter 
would preclude its use at present. 

The use of a proportional feed-back of the 
main surface control hinge moments (shortly 
called “feed-back of feel”) by itself is the 
simplest means of providing the pilot with 
feel and, of course, gives him similar force 
variations with control deflection and speed 
to those to which he is accustomed. There 
are objections to this system, however. 
Firstly, as pointed out in Section 4.1.4. we 
have to adjust the hinge moment coefficients 
on the control surfaces in order to govern the 
loss or gain in stability on freeing the cockpit 
controls. Secondly, we will have exactly the 
same degree of difficulty as hitherto in 
obtaining a compromise between light stick 
forces for manceuvring and heavy enough 
stick forces to prevent structural damage 
being caused by the pilot, the difficulty 
increasing as the margin between the loads 
imposed during desired manceuvres and the 
structural failing loads diminishes. Thirdly, 
we will reproduce faithfully at the cockpit 
control any of the undesirable characteristics 
which may appear in the control surface 
hinge moments. 

The third reason is the most important on 
the very high speed aircraft, where it would 
seem a pity to go to powered controls to 
avoid the possible vagaries in the control 
hinge moment characteristics which we are 
afraid may occur, and then feed them back 
in proportion, through the power system. 

Fourthly, we have the practical] limitations 
to the degree of feed-back as discussed in 
Section 4.1.2. “Feed-back of feel” alone would 
not help us, therefore, in obtaining a more 
satisfactory compromise in the stick forces 
on military aircraft than we get with manually 
operated controls, although on civil aircraft, 
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where the need to provide very large forces 
to prevent structural damage is not 0 
important, a small degree of feed-back giving 
reasonably light stick forces might be very 
acceptable. The addition of devices such as 
“9” restrictors (as discussed in Ref. 1), side. 
slip restrictors and, if necessary, aileron angle 
restrictors would make a compromise on the 
degree of feed-back easy, as we would only 
have to provide the reasonably light centring 
forces with the forces fed back from the 
control surface; we would still have to attend 
to the control surface hinge moments from 
the stability viewpoint, and we would still be 
feeding back undesirable control hinge 
moment characteristics, if they occurred. 

If we provide wholly artificial feel, we can 
make it vary with speed in one of three main 
ways : — 

(i) invariant with speed (e.g. by plain trim- 
mable springs attached to the control 
circuit), 

(ii) varying as the square of the speed (e.g. 
by varying the gearing of a fixed rate 
spring to the control circuit by means of 
an infinitely variable gear controlled by 
an A.S.I. capsule), 

(iii) varying as some other power of the 
speed (obtainable by the same method 

as (ii)). 

With (7) it would be essential on military 
aircraft to have devices such as “g” restrictors 
to prevent structural damage being caused, 
but otherwise its simplicity is attractive. It 
is necessary, however, to reduce the friction 
in the control circuit to a sufficient degree to 
provide adequate accuracy of self-centring, 
especially at the upper end of the speed 
range. We are at present flying Lancasters 
at the Royal Aircraft Establishment with 
such “feel” and we have been varying the 
level of the control forces in order to find the 
most desirable conditions from the pilot’s 
point of view. The average opinion is:— 

(a) the stick force should be about +30 lb. 
for full elevator deflections, 

(b) the wheel force should be about +20 Ib. 
for full aileron deflections, 

(c) the rudder pedal force should be about 
+40 lb. for full deflections. 

These loads have been judged mainly on 
the take-off, approach and landing conditions, 
but although the frictions in the existing 
circuits are too high to provide adequate self- 
centring at high speeds, the feel there is not 
unpleasant, despite such things as the stick 
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Fig. 11. 
Diagram illustrating effect of “g’ restrictor in maintaining roughly constant stick force to 


attain design value of normal “g. 


‘o 


force per “g” varying inversely as the square 
of the speed; there is no doubt that a quite 


practical reduction in the friction level would . 


improve the feel considerably. 

We intend to repeat the experiments on a 
high speed fighter; we do not, however, 
expect the “optimum” loads to be very much 
lower than for the larger aircraft. It might 
te quite possible to fly such a system in 
wrvice on a civil aircraft, without the “g” 
restrictor and so on, but we might be putting 
too much reliance on the restraint exercised 
by the pilot, despite the fact that there is a 
atively much greater margin between the 
manceuvring loads and the structural 
failing loads on a civil aircraft than there is 
ona military aircraft. 

Method (ii) by itself, i.e. without “g” 
kstrictors, and so on, is only better than 
feed-back of feel” in that we have no 
Worries about the hinge moment character- 
tics of the control surfaces, but we will still 
have the same difficulties with the com- 
Promise between the cockpit control loads 
fot manceuvring and those to produce 
‘ructural failure. The addition of “g” 
fsttictors and so on would provide a 
complete answer, although one might then 
complain of undue complication of the 
attificial feel system. 


Method (iii) might be useful by itself in 
some circumstances; for example, on the 
ailerons of an aircraft, where there was no 
limit on the aileron angle that could be 
applied on stressing grounds, we could vary 
the control operating forces directly as the 
speed, and obtain better self-centring at high 
speeds without unduly heavying up ~ the 
control forces. Also, on the rudder, where 
by varying the forces as some greater power 
of the speed than the square, we could have 
very heavy pedal forces at high speeds, where 
the rudder is of little use anyway, while still 
obtaining very light forces at low speeds to 
cope with the engine cut and take-off and so 
on. On ailerons where we have a structural 
limitation on the permissible aileron angle 
at high speeds and, in general, on all elevator 
controls, it would still be difficult, using this 
method of feel alone, to make a satisfactory 
compromise between the pilot’s loads for 
manceuvring and those necessary to produce 
structural failure. The addition of “g” 
restrictors, and so on, would again provide 
a complete answer, although we might 
grumble at the degree of complication, as 
before. 

Considering all things, therefore, it would 
seem to be best to use method (i) of pro- 
ducing artificial feel, i.e. plain spring feel, 
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with the certain addition of “g” restrictors, 
and so on, if on a military aircraft, and with 
their possible addition if on a civil aircraft. 

There is one additional advantage which 
has not yet been mentioned for using a “g” 
restrictor in conjunction with any very light 
feel on the elevator circuit; this is that by 
using any such system the stick force neces- 
sary to obtain the maximum design value of 
the normal “g” can be made to vary very 
slowly with large C.G. movements. This is 
shown in Fig. 11. Here it is assumed that 
the C.G. range is half the manceuvre margin 
at forward C.G., i.e. with “normal” feel 
varying as the square of the speed, the stick 
force to reach the design “g” would double 
its value as the C.G. moved from aft to 
forward C.G.; whereas, with plain spring feel 
plus a “g” restrictor, it is only the very light 
spring feel that is affected by the C.G. move- 
ment (through the medium of the different 
control movements required) and the stick 
force is mostly determined by the “g” 
restrictor. As it is immaterial to the argu- 
ment whether the stability change is caused 
by C.G. movement or actual variation in the 
manceuvre margins, the combined system 
will prove very valuable in coping with any 
large alterations in stability which may occur 
on high speed aircraft under shock wave 
conditions. 


6. POWERED CONTROLS v. AERO- 


DYNAMIC SERVOS 


In conclusion, it might be of interest to 
summarise the various arguments that have 
been used for using powered controls in 
preference to aerodynamic servo controls, and 
vice versa, together with any other relevant 
factors which have not been mentioned 
as yet. 

(i) There is no doubt in the author’s mind, 
that at present powered flying controls 
should be used on aircraft that are to fly so 
fast that shock wave conditions are likely to 
exist and to affect the control surfaces. If 
the aircraft is to spend a large proportion of 
its flight time in such conditions, especially 
if it is to penetrate far into the sonic regions, 
duplicated powered controls should be used; 
but if only limited periods are spent in these 
difficult conditions, then powered controls 
with manual reversion should be acceptable. 

(ii) For all other aircraft which need servo 
controls, there appears to be no difficulty in 
making an aerodynamic servo control work 
quite satisfactorily, and the arguments as to 
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whether to use powered controls or aero- 
dynamic servo controls must be based large] 
on the issues of weight and reliability, on 
the degree of mechanical complexity and on 
the operational role of the aircraft. On the 
grounds of reliability and simplicity of con. 
struction, the case for servo-tab controls 
would seem unanswerable, so long as by 
using them a large weight penalty was not 
involved. Because of a greater understanding 
of the measures necessary to prevent flutter 
on tab controls, and the very much less 
severe torque loading conditions than are 
necessary for powered controls, the weight 
of a servo-tab installation is now appreciably 
less than we would have expected some years 
ago. If we compare the weight of a servo- 
tab installation with the powered control with 
reversion to manual control in emergency, we 
have only to offset the increase in weight due 
to the tab and larger mass balance weights, 
against the increased weight due to the neces- 
sary increase in torsional stiffness with the 
powered controls, and the weight of the 
powered control unit itself (including the 
necessary power installations on the engines 
and so on, power lines and the extra fuel 
used during the flight to provide the power 
to move the controls). The duplicated 
powered control systems stand a good chance 
of being lighter than those with manual 
reversion, for, against the large reduction in 
mass balance weights, we have only to set 
the increased weight of two half power units 
as against one full power unit, plus the weight 
of the safety devices to ensure satisfactory 
change-over in emergencies; we might also 
be using a light (e.g. electrical) signalling 
system from pilot to control surface on the 
duplicated powered controls, as against the 
heavy mechanical circuit used in the otker 
type. 

It may not be possible to give a final 
answer as to which is the heaviest and which 
the lightest type of control, as the improve- 
ments in technique, especially in designing 
the powered control system, may continually 
alter the balance, but with experience so far, 
it appears certain that the servo tab is not 
likely to be a long way behind the powered 
control in weight, and stands a good chance 
of being lighter by an appreciable margin. 


(iii) One of the attractions of designing an 
aircraft with powered operation of the main 
control surfaces, is that the complete system 
can be laid out in a ground test rig, where 
most of the snags can be found out and 
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eradicated; the designer can therefore look 
forward to the first flight without any undue 
qualms about the control behaviour. This 
comparative feeling of safety will be some- 
what lessened when the mass balance weights 
are removed from the controls and reliance 
for preventing flutter is placed on the powered 
control system. While there is bound to be 
acertain amount of adjustment necessary to 
a servo-tab installation during the early 
prototype trials to obtain satisfactory control 
characteristics, there is little reason to be 
worried about its initial behaviour; and once 
adjustment is completed, the servo-tab instal- 
lation will need no alteration in service, and 
only the normal maintenance need be given 
to the mechanical parts of the control runs. 
On the other hand, not only will we be faced 
with a continual need for careful maintenance 
ona powered control system, especially if it 
isa duplicated system and we are completely 
relying on it, but also there is every 
probability that development snags will occur 
during service use, because of the great 
difficulty in obtaining a sufficient period of 
testing during the prototype unit and aircraft 
trials. 

On the ultra high-speed aircraft we will 
have to bear with these troubles, but on civil 
aircraft it would appear more than worth 
while to use a reliable servo-tab system, 
rather than to try and attain the high 
standard of reliability necessary on the 
powered control system, even if it proved 


that the servo-tab system would involve a 
small weight penalty. 


7. ACKNOWLEDGMENTS 


In conclusion, I would like to thank my 
colleagues in the Mechanical Engineering, 
Structures and Electrical Engineering Depart- 
ments at the Royal Aircraft Establishment, 
my co-workers in the Aircraft Industry and 
especially Messrs. M. B. Morgan and J. G. 
Walker and the test pilots of my own Aero- 
dynamics Department for their assistance in 
the many discussions on the control of 
aircraft, which have led to the ideas presented 
in this paper. 

I am also indebted to the Chief Scientist, 
Ministry of Supply, for permission to publish 
this lecture. 


REFERENCES 


1. Lyons, D. J. Some problems of the stability 
and control of large aircraft. JouRNAL R.Ae.S., 
November 1948. 

2. Report on the Norman servo motor (R.A.E. 
hydraulic motor, swash plate type). R.A.E. 
Report No. B.A.398, August 1921. 

3. Morcan, M. B., and THomas, H. H. B. M. 
Control surface design in theory and practice. 
JOURNAL R.Ae.S., August 1945. 

4. LepererR, J. Loss prevention programmes in 
civil aviation. Paper presented at the 16th 
meeting of the Institute held in New York, 
26th-29th January 1948. 

5. Apamson, D. Effect of size of aircraft on the 
difficulties involved in landing. R.A.E. Report 
No. Aero 2202. June 1947. 


DISCUSSION 


W. E. W. Petter (English Electric Co. Ltd., 
Fellow): There were cases where power 
controls were necessary for the very high 
speed aeroplane and the large civil aero- 
plane. Mr. Lyons had indicated that in 
aeroplanes with wing spans up to about 
200 ft. they could hope to continue to use 
spring tabs and servo tabs. Those controls 
would look after a very large range of air- 
craft indeed—machines within 200 ft. wing 
span and those which would fly at Mach 
numbers up to 0.8 or 0.9. There had been 
experience to show that up to Mach numbers 
of 0.9 spring tabs had behaved well. 

The splitting up of surfaces was effective 
for large civil aeroplanes. It was likely to 
te mechanically more reliable and less liable 
© complication and linkage failures than 
the compound actuators which might other- 
wise be applied. But for the military aero- 


plane, where it seemed they would have to 
move the whole tail at transonic and super- 
sonic speeds, they would have to face the 
development of really reliable mechanically- 
operated systems, operating through common 
linkages. 

From studies and from what little flight 
experience he had had, he had no doubt that 
the artificial feel, either by a simple spring 
or by progressively increasing load devices, 
was satisfactory, and he was sure that the 
complication of feeding back part of the 
load arising at control surfaces was best 
avoided. The figures Mr. Lyons had 
quoted were rather on the high side but 
pilots differed in their views on the matter. 
His organisation had found that + 15 Ib. at 
full deflection was an acceptable maximum 
figure for a large aeroplane. An advan- 
tage of the spring feed-back was that 
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manufacturers could provide an assortment 
of springs and gain a reputation for satisfying 
tneir clients at low cost, a most unusual and 
happy state of affairs! 

Load restrictors were necessary when a 
straight powered control system was used, 
with comparatively low maximum forces. 
Probably a restrictor would have to be 
developed to suit a particular aeroplane and 
the particular conditions in which it would 
operate. 

J. G. M. Pardoe (Air Registration Board, 
Assoc. Fellow): His views were biased by his 
work, but his remarks did not necessarily 
reflect the policy of the Board. 

The safety aspect was of supreme 
importance with regard to power operated 
controls, at least for civil aircraft. Very 
often, in the struggle to make a system which 
would work at all, this was not sufficiently 
considered in the first place or was lost 
sight of later, and then designers unwillingly 
—and the airworthiness authority disliked 
having to ask them to do it—put gadgets on 
top of gadgets to make a system safe, 
whereas if the safety aspect had been tackled 
in the first place, a simple way of achieving 
the desired safety might have been found. 
It would be an over-statement to claim that 
simplicity was synonomous with safety, but 
where it was possible it certainly helped 
towards it. 

He thought that the rate for accidents to 
be caused by one part of the aircraft might 
be more than 140 million rather than 14 
million, but it was not the first figures that 
mattered, it was the millions. They could 
not design for a failure rate of this order 
without designing for perfection. 

The average duration of two hours flight, 
after the failure of one half of a duplicated 
control, assumed by Mr. Lyons, was perhaps 
an under-estimate, for the big civil aero- 
planes which were having power-operated 
controls were all trans-ocean machines. It 
might be that a failure rate could be 
accepted of once per 20,000 hours for each 
half of a duplicated system. This still 
meant designing for no failures, but was 
a much more possible proposition. A fully 
duplicated system was preferable, for even 
one mistake with a single system would 
probably cause a catastrophe, but the 
chances with a duplicated system were that 
there would be many—he rather thought the 
figure worked out at 2,000—chances of 
failure of one half before both halves failed 
together on a 10 hour flight (point of no 
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return 5 hours). If the faults could not be 
removed from a system well before it had 
had 2,000 failures they were poor engineers. 

There were two main types of failure of 
powered controls, the runaway and the total 
loss through seizure or severance. The 
latter was a straightforward problem; the 
former a nightmare. Risk of a runawa 
which could not immediately break the aero- 
plane but which could put it into a 
dangerous attitude from which the pilot 
mignt effect recovery, might be tolerable; if, 
however, a runaway could actually break 
the control surfaces—for example, put on an 
elevator angle at a speed at which the 
elevator could not stand that angle—the 
problem was much more serious. 

Was it possible to have a change-over 
mechanism, operated like the flaps at some 
suitable speed, which would permit full 
movement and all the power of the servo-tab 
or other power source at low speed, but 
which at high speed would give the same 
power with limited movement so that even a 
runaway would not break the aeroplane? 

It seemed that the problems of servo tab 
controls, once solved, should be applicable 
to all comparable aeroplanes; but it was his 
painful experience that every aeroplane 
having powered controls had a_ different 
system and a different set of unknowns and 
problems to solve. 

A. J. Pegg (Chief Test Pilot, Bristol Aero- 
plane Co. Ltd.): The paper was full of pilot 
sense; it had a background of full-scale tests 
in which the author had taken an active 
part. 

His own remarks would not necessarily 
represent the opinion of pilots in general, 
for on the subject of powered controls and 
many others with which pilots were con- 
cerned, there was as yet no unanimous view. 

The problem of feel was much discussed 
among pilots, and it seemed that it should 
be split into two reactions, both of which 
gave the pilot some indication of the con- 
dition of flight of his aircraft. One was the 
variation of stick force with speed, and the 
other the variation of stick displacement 
with speed. 

Some years ago that association of stick 
force with speed was a very real indication 
to the pilot, but lately, with spring tab con- 
trol and other variants of the system, the 
weight of the control gave little indication of 
the condition of flight. The stick dis- 
placement effect was still an important 
contribution to the pilot’s feel, and with 


rel 
mi 
ne 
th 
to 
of 
pl 
co 
ca 
th 
we 
to 
Tee 
me 
Br 
of 
the 
Ope 
ren 
pile 
wa: 
The 
po 
rea 
he 
dev 
fitti 
whi 
the 
ce fligh 
F 
aute 
pow 
the 
ilo 
able 
Imp) 
very 
the 
aero 
A 
a8 
Spec 
advi 
char 


THE USE OF POWERED FLYING CONTROLS IN AIRCRAFT 


controls that indication still 


wered 
Another point which should be borne in 
mind by designers was that the forces 
necessary to operate the powered controls 
should, in some degree, match the size of 
the aeroplane. In his opinion the pilot liked 
to feel that he was doing some work in con- 
trolling his aircraft; indeed, in the movement 
of controls he preferred to “ push the aero- 
plane ahead of him” rather than move a 
control and “wait for the aeroplane to 
catch up.” In an aeroplane of the size of 
the Brabazon it would be unpleasant, if 
not hazardous, to fly with controls which 
were light and highly geared. It would lead 
to continual over-correcting, until the pilot 
became accustomed to very slow aircraft 
raction resulting from relatively rapid 
movements of the controls. 

A matter which had had some influence on 
the decision to fit powered controls to the 
Brabazon was that in the past the hazards 
of the first flight had been centred around 
the aerodynamic controls; with power- 
operated controls, that difficulty had been 
removed. Further, before the test flight the 
pilot was able to handle the controls on the 
ground, and the feel of a control in flight 
was exactly similar to its feel on the ground. 
The only unknown quantity so far as 
power was concerned was the aircraft’s 
reaction to the controls. In tests at Bristol 
he had been able to try various spring feel 
devices in operation on the power unit before 
fitting to an aircraft, and in all cases that 
which had been found to be satisfactory on 
ist ground had proved to be satisfactory in 
ight. 

F. W. Meredith (S. Smith & Sons 
(England) Ltd., Fellow): As a designer of 
automatic pilots, the whole subject of 
power-operated controls was something of 
anightmare to him. Having been faced with 
the problem of trying to make an automatic 
pilot “fail safe,” and realising how formid- 
able that problem was, he had been 
Impressed by the difficulties of achieving a 
very much higher standard of reliability for 
the complete power-operated control of the 
aeroplane. 

Another reason for regarding the problem 
a8 a nightmare was that no one could yet 
specify the operating lags of those systems. 
Some of the people who were interested in 
Power-operated controls had asked him for 
advice; they had asked him to say what 
characteristics of response of the power- 


operated control system would be accept- 
able. The answer depended on_ the 
combination of the aeroplane, the automatic 
pilot and the power-operated control system. 
{t was not until the three together were 
considered that an answer could be 
attempted. It appeared no one’s business 
to survey the whole field and give the 
answer to the question, so he was afraid that 
the power-operated control people would go 
ahead and do their best, and turn out some- 
thing which, when they tried to reverse the 
movement of a control surface would 
continue to go in the opposite direction for 
a short time, and when an automatic pilot 
was provided to work such a system the 
results might be anything but satisfactory. 


He would like to hear someone responsible 
make an intelligent guess, if nothing more, 
concerning the amount of lag which could 
be tolerated in a power-operated control 
system. He did not think that at the present 
stage anyone could set down rigid figures; 
but he believed they could set a standard at 
which to aim. One which he had already 
suggested was that, taking the shortest 
period to which they might have to control 
the aeroplane, it would be extremely dis- 
heartening to the pilot if the lag between 
the demand going into the power-operated 
control and the response coming out were 
more than something of the order of 10°. 
He could not give a reason why he should 
have chosen 10°, except that he, and 
probably everyone else, believed that if it 
went up to, say, 30° it would be hopeless; 
so that he would like to see 10° set as the 
target for the time being. He believed that 
automatic pilots could be “educated” to 
anticipate that lag. 

On the question of safety, he was very 
much impressed by Fig. 8 in the paper, 
illustrating the multi-surface” system. 
It occurred to him that the benefit of such 
a system could be obtained by multiplicity 
of servos without imposing on the aeroplane 
designer the problem of providing independ- 
ent control surfaces. 

His firm had been called in by A. V. Roe, 
Canada, to assist in connection with the 
power-operated controls for the C-102, and 
he was glad to go into it, because they were 
starting off with a power-operated control 
which was required to operate only in an 
emergency. Manually - operated controls 
were provided which could fly the aeroplane 
under normal conditions; but for such 
emergencies as the failure of one engine on 
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take-off, which would be beyond the capacity 
of the human pilot to deal with, and for 
the landing condition, with extreme C.G. 
position, they wanted the emergency power 
system to come into operation. That seemed 
to be a very nice field in which to get some 
experience of power-operated control, 
because in that field they were not in the 
position of killing somebody when the first 
mistake was made. 

The system they were employing was that 
of multiple jacks driven by independent 
motor systems, as in Fig. 8. He felt that 
multiplicity of motors was far better than 
duplication. With duplication they were 
faced with the problem of the reliability 
of the means by which they ensured that the 
right thing would happen when a failure 
had occurred; but if there were sufficient 
multiplicity, a failure of any one part of 
the system could be accepted without any 
adverse effect or any necessity to take 
remedial action anywhere except to sheer 
off the offending member. The necessity 
for ensuring that there must be sufficient 
margin between the loads that they 
expected to convey and the loads available 
to sheer off the offending member placed a 
lower limit on the number of independent 
units which would need to be employed. 
For the C-102 the number of units on the 
system they were operating on first was five, 
and he considered that number to be 
adequate. Synchronisation of the jacks was 
ensured by medium speed—he would avoid 
the term “high speed ”—shafting connect- 
ing all the motors together. That effected 
a great saving of structure weight, because 
the control load on the rudder, for example, 
had not to be distributed by way of the 
rudder structure, but was distributed through 
the medium speed synchronous shafting. 
His Company were not responsible for the 
jack design, but the figure which the aero- 
plane designers had given him for the jacks 
was of the order of 14 Ib. per jack, and they 
were little, if any, heavier than the members 
which would be required in any case to give 
the necessary structural rigidity to the 
rudder. The system which his Company 
were designing to go with that was an A.C. 
motor system. 

That seemed to show the way towards 
arriving at a system in which they could 
expect to have no catastrophic failures, 
provided that they were adequately safe- 
guarded on the redundancy of the power 


supply. 
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M. B. Morgan (Royal Aircraft Establish. 
ment, Fellow): He believed designers should 
keep off powered controls unless they were 
absolutely forced to them, as they would be, 
in certain cases. 

There was reason to expect that by use 
of the pure servo tab they could do without 
powered controls in aircraft with all-up 
weights up to something of the order of 
500,000 Ib. Experience had been amassed 
at Farnborough during the past few years, 
and it was confirmed completely by exper- 
ience in America and Germany, that servo 
tabs (not to be confused with geared tabs) 
were practicable. For the high Mach 
number case he agreed with Mr. Lyons that, 
in the present stage of knowledge, they must 
have powered control, but he hoped it might 
be an interim phase. 

Some years ago they were convinced that 
tabs would not work at Mach numbers of 
about 0.75; but now they knew that they 
did work in certain cases up to Mach 
numbers of 0.9. All sorts of trouble ahead 
could be foreseen in dealing with higher 
Mach numbers, but he felt it might well 
be that ultimately they could use tabs right 
through the Mach number range. 
Unfortunately they could not check control 
and tab power adequately by work in the 
wind tunnels; they had to fly with experi- 
mental controls, and he believed that power 
was of primary use in the interim phase in 
which they had to fly the controls and find 
out what was happening. 

The need for automatic trimming was 
fundamental. It was no use having a 
duplicated system which involved de-clutch- 
ing or something of that sort if, in effect, the 
control could run away from them as soon 
as it was de-clutched. Unless the system 
was such that the control was _ held 
irreversibly during any switching over 
process following a failure, it was essential 
that the aircraft should be in trim at the 
moment of failure. They could not rely 
on the pilot constantly trimming his aircraft; 
they must have something automatic on the 
aeroplane which continually measured the 
loads on the controls and pushed a tab over 
to relieve them. That was vital in the case 
of manual reversion, where they had 2 
single power system and relied on_ the 
manual reversion in case of emergency. | 

The dangers of not having automatic 
trimming on a system with zero feed-back 
were in evidence during tests on a Lancaster 
at Farnborough. During the tests arrange 
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ments had been made to cut the power in 
and out experimentally when in flight, and 
careful instructions were given to the pilots 
to set the trimmer to a_ predetermined 
position bfore going over to manual. The 
iets had proceeded quite satisfactorily for 
quite a long time, until on one occasion the 
aeroplane was left well out of trim when 
the plug was pulled; the crew went smartly 
to the roof. Fortunately the pilot was 
strapped in and was able to re-select power, 
otherwise a dangerous situation might have 
arisen. When under power there was no 
feed-back of the large out of trim load, but 
immediately on reversion to manual control 
the force was sufficiently large to overpower 
the pilot. This incident taught them a 
lesson On the importance of automatically 
trimming when there was manual reversion. 

Artificial feel sounded easy, but he had 
been astounded by the difficulty of provid- 
ing a good artificial feel system. It could 
bedone, but they must provide an adjustable 
datum for the springs so that the pilot could 
tim out the spring force for any control 
position. When they came to produce a neat 
system which was trimmable they were 
faced with all sorts of snags in getting the 
friction down, and first class mechanical 
design was essential. 

The problem of flutter was particularly 
important in connection with powered 
controls. An enormous dividend could be 
obtained if they threw away the mass 
balance weights, and it was vital that when 
that was done the controls did not flutter, 
due allowance being made for the inevitable 
tacklash. Particularly when they came to 
the more unconventional wing shapes, they 
might have to treat each design as a special 
case, and do some heavy flutter calculations. 
This illustrated the need for the various 
ims in the Industry to build up powerful 
flutter teams. 

F, Rowarth (Lockheed Hydraulic Co. 
Lid., Fellow): He had had experience 
‘milar to that mentioned by Mr. Morgan 
with automatic trim. When it was thought 
the aeroplane was in trim, the automatic 
pilot was put in; but the aeroplane was not 
trim, and he had hit the roof. That was 
tot a pleasant experience, and he urged that 
they were to have powered controls, auto- 
matic trim was an essential development. 

He agreed that it was a good thing that 
the spring tab had developed to such an 
‘xtent that it appeared to fill a large portion 
of the future scene. He had gathered from 


the paper that they were still called upon for 
mass balance weights, and he hoped that in 
using the spring tab. they were not paying 
too big a price in weight—with other forms 
of power operation those wasteful mass 
balance weights could be omitted. 


He did not understand the nomenclature 
or the scale of 10° lag mentioned by Mr. 
Meredith, and would like to be enlightened 
because unless he were very much out-of- 
date, the speed of human response was 
within that of the best automatic pilot 
response, and he believed the powered con- 
trol response was strictly in phase with that 
at the moment. 

No one would quarrel with the idea of 
complete reliability, but he felt that that 
could be defined in another manner. If 
they could definitely establish 100 per cent. 
reliability on a 10-hour life, it was much 
better to do so and work to that than to 
establish 99.9 per cent. reliability on a 100- 
hour life. The powered-control part was a 
small, cheap unit which could be serviced, 
or even thrown away if necessary, after a 
short life, so long as 100 per cent. reliability 
was established. 

F. W. Meredith: If a simple harmonic 
oscillation were put into the system at a 
period representing the shortest period at 
which they expected to have to operate the 
control when in the air, and if the output 
were plotted, which also would be a simple 
harmonic motion, and they were compared 
on a time basis, they would be de-phased if 
there were any lag of the output behind the 
input. The time lag was readily converted 
to phase lag by the relationship that one 
complete cycle represented 360° of phase. 
If the lag were more than 10° it would begin 
to give difficulty, not only for the automatic 
pilot but, with all due respect, for the human 
pilot also, because there would be conditions 
when he would be trying to get very close 
control and he would then find the 
de-phasing of control very disturbing. 


One thing which he liked about auto- 
matic trimming was that, if it were done 
in the direct way of moving a trim tab, it 
did actually advance the phase of the com- 
plete operation, because the first throw of 
the main control surface was an over-control, 
which came off as the tab moved back. That 
feature in itself would help the designer of 
the power-operated control to cover up some 
of the inevitable lag in the operation of the 
main control. 
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T. F. C. Lawrence (Royal Aircraft 
Establishment, Assoc. Fellow): His remarks 
were on the five words in Fig. 4 “Control 
gearings are assumed normal.” The first 
sailing ships were managed by one man in 
each case, later there were two or more; 
later still, gearing was introduced and finally, 
a steering engine. He felt there was little 
doubt that in aeroplanes they would ulti- 
mately have to go to power-operated 
controls; they must merely assume that the 
longer they could delay their installation, 
the better. 

Mr. Pegg had said that pilots disagreed 
on many matters; one thing on which they 
did agree was that controls must have “a 
progressive characteristic... That was 
because a pilot did not fly by statute. An 
analogy might be gained by considering what 
might happen when a flight of stairs was 
ascended in the dark and at the top 
there was thought to be another step, but 
there was not. 

A pilot wanted the progressive character- 
istic because, when he flew, whatever he did 
was governed by what he did last and by 
what results he obtained from it. From the 
response he obtained from his previous 
action he performed the next, and this 
applied to all manceuvres. That was what 
was meant by “a progressive characteristic.” 
The mathematician would probably say that 
perhaps it was the second differential which 
worried them. 

The problem that confronted the designer 
was then a familiar one to engineers. They 
had a constant power source at one end of 
the system (the pilot) and a variable demand 
at the other end (the control, whose demand 
varied with size and speed). Further, the 
transmission must, for any given set of con- 
ditions, have “a progressive characteristic.” 
In like circumstances an efficient transmission 
was achieved by the introduction of a change 
in gearing, as in a motor car; nearer home, 
a constant speed airscrew was effectively a 
variable speed gear. 

He felt that variable gear controls had a 
place somewhere between manually-operated 
controls and fully power-operated controls, 
but that for some reason designers had not 
faced, as they should, the problem of intro- 
ducing a change in gearing between the 
pilot’s stick and the control surface. 

C. G. A. Woodford (Consulting Engineer, 
Assoc. Fellow): The recommendation not to 
use power-operated controls if it were 
possible to avoid them seemed generally to 
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be good advice. But how could gust allevja. 
tion be applied without the use of some 
power-operated controls? The idea was to 
save weight, and it seemed that a good case 
could be made out for, not an irreversible 
mechanical drive on to the final contro] 
surfaces, but a fully reversible drive, using 
the most reliable form of high efficiency 
screw which they were contemplating these 
days as being a most robust and generally 
reliable item. Such a scheme meant that the 
power required, and the weight of the equip- 
ment to provide that power, was reduced to 
something like half that required for a non- 
reversible final drive. So that if they could 
operate with a differential on simple, rugged 
machines driving a very reliable apparatus 
like the high efficiency screw, and if at the 
same time the equipment could provide in 
the very large aeroplane all the benefits 
associated with the alleviation-of-gust con- 
trol, then on consideration of the balance 
sheet as a whole there was everything to be 
said for it. 

He would like Mr. Lyons’ comments on 
the gust alleviation case. If it were adopted 
in the Brabazon, and if it proved successful, 
no doubt it would be required in future large 
aircraft having very long spans, where the 
maximum economy of weight, from the fuel 
carrying capacity and the payload points of 
view, could be achieved. 

Contributed: In the lecturer’s spoken repiy 
to the discussion he adopted the view that 
high frictional (or equivalent) damping would 
be required with fully reversible high 
efficiency screw drives, but this was contrary 
to the object in employing this device. The 
electrically-operated servo system proposed 
was designed to have a very high degree of 
“ stiffness ” in the sense that a small differ- 
ence angle between the actuated torque shaft 
and the master control setting was sufficient 
to produce something like the full power 
available to procure alignment of the 
“follow up.” 

In practice this minimum difference angle 
would be no more than comparable with the 
final backlash between the actuator and the 
aerofoil, say 1/10 of a degree at the most. 

This conception fitted in well with the 
application to gust alleviation in its ability 
to accept a “step function” or steep wave 
signal. Bearing in mind that the gust must 
be detected and signalled through the power 
follow-up to the aileron in about 4 second 
for the Brabazon, there was everything 10 
be said for the very rapid response of a high 
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stiffness servo and it must be doubted 
whether aerodynamic assistance, involving as 
it did mass balance, could respond with 
sufficient rapidity. : 

A further point in comparing electrically- 
powered control with aerodynamic assisted 
manual control was that where the maximum 
power available was dictated by gust 
aileviation (or alternatively by the power 
to hold the elevator load on one motor in a 
maximum dive), the size and weight of the 
aerofoils needed for this limiting case, and 
the main structure to carry them, must be 
considerable in relation to the alternative 
of putting an overload rating on _ the 
electrical machines. 

Another case of importance to be con- 
sidered was that of the aircraft required to 
pass through and beyond the sonic barrier. 
In the present state of knowledge it was 
generally felt that some servo assistance was 
necessary during the difficult transition con- 
ditions through the barrier to give the pilot 
low effort control of attitude with rapid 
response. This case alone was held to be 
sufficient to justify early development of 
such power-operated control to contribute to 
this next phase of flight development without 
complicating the design of aerofoils by 
adding tabs and the like through the danger- 
ous illusion of getting something for nothing. 

It seemed a great pity, therefore, that the 
lecturer appeared to preach a “ down tools ” 
policy on powered controls in the traditional! 
hope that manual would do. 

R. H. Woodall (Rotax Ltd., Assoc. 
Fellow): As a designer of electrical equip- 
ment contemplating the design of powered 
controls, he would like to know how much 
backlash was permissible in the system. 
Would the combination for high efficiency 
screw and nut mechanism with an effective 
brake be regarded as irreversible? 

Was velocity control, in addition to 
stability control, a desirable feature in 
power-operated controls? The use for 
amplifying generators, the control field of 
which was fed by rectified signals propor- 
tional to phase displacement of two 
Autosyn” or similar units, could provide 
for both velocity and positional control. 
Such generators had been used for gun 
lurret control and would give the desirable 
characteristic envisaged by the last speaker. 

Also, what weight saving was effected by 
throwing away the mass balance weight? 
Designers wanted an idea of what they were 
Up against in keeping powered control units 


within reasonable proportions, and would 
like figures concerning the savings to be 
effected in aircraft of different sizes. 

A. E. Swain (Assistant Designer, Saunders- 
Roe, Ltd., Assoc. Fellow): He could not help 
feeling that the case for mechanical power 
controls might have been stated with more 
conviction. 

The decision to fit a mechanical power 
control system in the Saunders-Roe, Ltd. 
140-ton flying boats was not made without 
thorough investigation on the part of the 
Saro design staff into other methods. 

The pilot was provided with conventional 
controls associated with conventional, 
although artificial, loadings which were kept 
down to reasonable proportions. The con- 
nection between the pilot and the power 
units consisted of a normal cable system, 
duplicated by the automatic pilot link. The 
power supply for each control surface com- 
prised duplicated electro-hydraulic variable 
speed units feeding into a mechanical 
differential and hence, via mechanical shaft- 
ing, to screw jacks individually attached to 
multiple sections of the control surface. The 
mechanical shafting and gear assemblies 
were designed with handsome factors to 
ensure reliability; but, to cover any unpre- 
dictable failure, a completely separate 
inching gear was being considered, built into 
certain sections of the control surfaces; 
together with provision for “trailing” on 
the remaining sections. Thus, in the event 
of a complete breakdown of the normal 
power controls, the aircraft could be safely 


flown on the “last ditch” emergency 
system. 
One. important factor considered in 


planning the system was the advantage of 
locating all electrical and hydraulic equip- 
ment inside the pressurised and _air- 
conditioned section of the aircraft, thus 
enabling servicing and maintenance to be 
done, even, if necessary, to the extent of 
changing the duplicated portions of the 
power units while in flight. 

The equipment of the main system located 
outside the pressurised section consisted 
solely of robust mechanical hardware 
capable of withstanding such hazards as. 
severe icing conditions and others resulting 
from high altitude operation in general— 
which, by the way, might provide consider- 
able danger for servo-operated systems with 
comparatively weak control links. 

Another important factor governing the 
decision was weight saving—from the 
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elimination of mass balance. From exper- 
ience gained in the development of the 
SR/45 flying boats, it had been found that 
power control systems showed a considerable 
weight saving over corresponding servo 
systems with present-day practical tech- 
niques in each field. 

He hoped that he had dispelled at least 
some of the doubt in the minds of those 
considering power controls by the inference 
of his remarks and the faith placed by 
Saunders-Roe and _ associated interested 
parties in the system described. 

F. H. Robertson (Chief of Project Design, 
Saunders-Roe Ltd., Assoc. Fellow): He felt 
that it was unfair to consider the two main 
adversaries as being powered control versus 
aerodynamic servo control. Surely the issue 
was still powered control versus manual 
control. The application of servo-tabs, or 
any other form of gadget, to a surface did 
not prevent it from being power-operated 
and the logical weight comparison with a 
manually-operated servo-tab control was a 
power-operated servo-tab control. He sub- 
mitted that, for any given set of parameters, 
the power-operated control would always be 
the lighter, chiefly because the loads had not 
to travel so far. 

There was a danger of assuming a gain in 
efficiency by tapping the ever-present air 
stream, as opposed to carrying the energy 
around in the aeroplane in the form of 
batteries or fuel. They could use the energy 
of the air stream only if they paid for it in 
drag. For example, the drag from an 
unbalanced powered control would be con- 
siderably less than that from a manual 
servo-tab control. 

Could Mr. Lyons say how an un-mass- 
balanced servo-tab control behaved at low 
flying speed and when taxi-ing tail-to-wind? 
As long ago as 1926 Saunders-Roe Ltd. had 
had a servo-tab balanced rudder on a flying 
boat, and its behaviour when taxi-ing down- 
wind had caused considerable concern, so 
that they had eventually to fit a mechanical 
over-ride to the main surface. 

Was it necessary to have a “g” restrictor 
on a powered control, where a safety valve 
of some sort was easily fitted to the power 
unit, which blew off at a hinge moment 
corresponding to the maximum safe accelera- 
tion of the aircraft? 

He suggested that on a very large aircraft 
the only way in which to reduce lag due to 
backlash or stretch to its minimum was to 
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use powered control with an electric link 
from the pilot to the power units. 

He thought that powered control was here 
to stay. The contro] system of the future, 
he suggested, would consist of a very small, 
self-centred, rate control knob with no fee] 
at all; segregated, balanced control surface 
portions, each with its own small power unit; 
and an electric link between the control knob 
and the power units. 

J. K. Reid (Bristol Aeroplane Co. Ltd, 
Fellow): The successful application of 
power-operated controls depended on making 
them completely reliable. There were two 
ways of achieving that, and both were some- 
what hypothetical. 

The first was to use the simplest form of 
servo, which was developed to such a high 
degree of reliability that they could accept an 
extremely rare failure. 


The second assumed that an individual . 
servo could be developed to a very high - 


degree of reliability which was such that, if 
that servo were duplicated, the reliability was 
again above the extremely high value 
required. 

That second method, using duplication 
both of the servo and of the power supply to 
it, not only involved doubling the amount of 
equipment, but something more than that, 
because of the additional mechanisms 
required to detect and to correct auto- 
matically any fault that developed. 

The most serious of those faults was one 
which certainly could occur with a hydraulic 
servo, due to a jammed valve, and which 
might occur, and probably did, with most 
types of servo; that was the runaway case. 
He believed that in the event of a runaway 
condition, even if the pilot could regain con- 
trol merely by pushing in the opposite 
direction to the runaway, the control would 
probably run to its extreme before the pilot 
was able to take charge again; and in most 
cases that extreme deflection of control at 
high speed would involve loads which would 
either seriously strain or even break the 
aeroplane, 

Therefore, he felt that the right method 
of tackling the problem of reliability was to 
aim as closely as possible at the first hypo- 
thetical method he had suggested, which was 
to use a single servo and, in particular, to 
design that servo so that the runaway con- 
dition was almost impossible. That was not 
merely a question of design, but also of 
development, testing and experience. 
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At the present stage of development they 
could not possibly suggest such a system for 
civil aircraft. Fortunately it seemed that for 
civil aircraft, so long as they were not flying 
atexcessively high speeds, a practical solution 
was provided by the aerodynamic servo tab. 
For Service aircraft, however, the powered 
control was probably essential for very high 
speeds and they were justified in accepting 
a somewhat higher degree of risk than for 
civil aircraft. 

He would suggest, therefore, that for high- 
speed Service aircraft, the most practical 
solution at which to aim was that of 
nominally unduplicated servo units with their 
power supplies duplicated and with the 
incidental duplication which could be pro- 
vided by the fact that there were two ailerons 
and, at least in some cases, there was 
operation of both the elevator and the whole 
moving tail. The use of that incidental 
duplication required that, if one aileron 
failed, the other could continue to operate, 
and in order to allow one aileron to fail 
without falling off the aeroplane it was 
obviously necessary to retain mass balance. 

Thus, he had worked round to another 
form of Mr. Lyons’ multiple control without 
the complication of dividing the normal 
controls into several portions. 

§. M. Parker (Lockheed Hydraulic Brake 
Co. Ltd., Assoc. Fellow): He whole-heartedly 
agreed with Mr. Lyons’ conclusions; he 
would even go so far as to say that he could 
accept Mr. Morgan’s rather more extreme 
view that powered controls, like under- 
carriages, were things which stood between 
the present and perfection. He hoped to 
discover that evening whether or not the 
carefully reasoned conclusions of Mr. Lyons 
were accepted by the Industry, by which he 
meant the main aircraft constructors. He 
was not at all clear yet whether or not they 
were accepted. 

Some concensus of opinion on the subject 
was needed. The position was extremely 
difficult to meet in reality in specific designs, 
and if there were some agreement in the 
Industry as to what was wanted it would be 
of great help to those who were trying to 
Meet it. 

Had duplicated flying controls to be 
developed within a ridiculously short space 
of time? It had been stated that an 
extremely high degree of reliability—it had 

N put as high as “perfection”—must be 
achieved, and from his experience they would 


approach that only if there were time for 
reasonable bench testing. It seemed that the 
matter was one which they could not prove 
by flight testing, except in a small way, for 
it was far too dangerous. A great deal of 
bench testing was required, and he knew that 
that had been the case in one instance. He 
urged strongly that the powered control 
system, where it was hydraulic, should not 
be just regarded as part of the rest of the 
hydraulic system, which was one of the last 
parts of the aeroplane to be designed and one 
of the first to be required. At present the 
powered controls tended to be the last part 
of the hydraulic system to be designed, and 
that led to a most unsatisfactory condition. 

He hoped that as much notice as possible 
would be given to those who were trying to 
meet the requirements, and that a satisfactory 
bench testing system would be evolved, for he 
was sure that in no other way would really 
satisfactory results be achieved. 

Major R. H. Mayo (Fellow): There had 
been much damning by faint praise. He 
agreed with Mr. Parker’s emphasis on the 
importance of adequate bench testing, and 
would also emphasise the importance of air 
trials before a particular system was taken 
into the air on an aircraft which depended 
solely on it. They must have air trials of 
the powered system on an aircraft provided 
with alternative hand-operated controls. 
They must have all those trials to make sure 
of reliability. 

But why all the pessimism about the 
degree of reliability that they could expect to 
achieve? He could not see why they could 
not expect to achieve 100 per cent. reliability, 
provided that they designed and tested for 
that degree of reliability. If they provided 
ample factors all round, if they paid 
scrupulous attention to all the details of the 
system and to the bench and air trials, he 
could not see why they could not expect to 
achieve 100 per cent. reliability in practice. 
If they had taken: the same pessimistic atti- 
tude in regard to the design of aircraft in 
general in the past they would certainly not 
have reached their present position. There 
were all sorts of things in aircraft which must 
function with 100 per cent. reliability, and 
because that had been necessary it had been 
achieved. There might be some infinitesimal 
chance of failure, but that applied in any 
form of transport. 

Several speakers had said they should put 
off the evil day when they would have to use 
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powered controls on large aircraft. But if 
size went on increasing there must come a 
time when they would have to use powered 
controls; the all-up weight limit at which they 
would become necessary might be 300,000 Ib. 
or it might be more. But if they adopted the 
attitude that they must put off the evil day 
until they had to use powered controls, then 
they would not get the very large sizes of 
aircraft if, and when, they wanted them. 


Surely the right thing to do was to forge 
ahead with the development of powered con- 
trols as quickly as possible. Trials should 
be started in sizes of aircraft which could be 
controlled by hand operation; and this was 
being done. Then they could proceed to 
such sizes as the 140-ton SR/45 flying boat, 
or the equivalent landplane, the Brabazon, 
for which powered controls were generally 
regarded as desirable, if not essential. When 
they had developed a system of powered 
control which they knew to be reliable and 
satisfactory, they could embark, if they 
wished, on the 500,000 or 600,000 Ib. aircraft 
with reasonable confidence. Further, he 
believed that when they had powered control 
systems functioning satisfactorily in aircraft 
of 300,000 or 400,000 Ib., they would begin 
to apply them to much smaller sizes of 
transport aircraft. Even in the case of 
aircraft of quite moderate size the pilot was 
often involved in appreciable physical strain, 
and it would be a definite advantage to 
relieve him of this, especially in such circum- 
stances as the approach to a landing in bad 
weather. 

J. R. Anderson (Associate), Contributed: 
He suggested it was time to review orthodox 
methods using aerofoil surfaces and, in the 
light of recent developments, consider 
whether aircraft control would not be better 
accomplished in another way, based on a 
more reliable foundation. 


Much time and money had been spent 
considering and developing complex arrange- 
ments, which undoubtedly could be made to 
perform successfully, and applying them. to 
aerofoil control means which would probably 
be found ineffective for practical purposes in 
the transonic and sonic regions, and which 
were ineffective and therefore unreliable at 
low speed. A high price had to be paid for 
the control forces obtained from aerofoils, 
since engine power was transmitted to the air 
at propeller or jet efficiency, and then con- 
verted again by the control aerofoil with a 
further loss. 
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Surely it was more profitable to develop 
methods of controlling aircraft by means of 
directable jets, and to use the engine power 
directly. 

High speed aircraft would be powered by 
gas turbine engines and/or rockets, and con- 
trol by directing the jets was known to be 
reliable in the transonic and sonic regions, 

Large aircraft would be powered by gas 
turbine engines and control by directing the 
jets was reliable down to zero speed. If it 
were found necessary in some cases to use 
powered systems to direct the jets, the 
method of ensuring against loss of control by 
multiplication could be efficiently accom- 
plished because of the number of engines. 
The subdivision of orthodox control aerofoils 
would inevitably add to their drag. 

Icing troubles were obviated by the use of 
directionable jet systems and control forces 
and forces required to operate the controls 
were nearly constant over the whole speed 
range of the aircraft. 

With aircraft of the present-day type which 
were unable to use their engine power at 
reasonable efficiency at slow speed, probably 
the greatest drawback to the use of directable 
jets was that thrust spoilers, with their 
disadvantages, were necessary because some- 
times control forces were required when 
thrust was not desirable. 

If the flight of birds were studied it was 
seen that birds were able to use their power 
effectively at very low speed, and depending 
on their exuberance and the type of approach 
they had to make, or decided to make, used 
a considerable amount of their power to 
alight; sometimes appearing to use maximum 
effort. 

In the same way aircraft designed to use 
their engine power effectively at zero speed 
had the landing characteristics of birds, and 
also had very high efficiencies of power 
transmission at slow and high speed. 

The low efficiencies of power transmission 
which were taken for granted in aircraft, 
would not be tolerated in any other form of 
transport, Why not follow the example of 
the birds now that technical developments 
had made this possible? In this way present 
control difficulties would be overcome, and 
progress made toward new standards of 
safety and economy in flight. 

Squadron Leader E. Coton (Assoc. 
Fellow) Contributed: A suggestion was made 
that controls on large aircraft should 
deliberately be made heavy, and there was 
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a school of thought which considered the 
control wheel diameter should always be 
about 1.5 per cent. of the wing span. Surely 
the cry should be for “armchair” controls, 
because at best large forces or movements 
were distracting. What was wanted was a 
miniature aileron and elevator control offset 
from the pilot’s line of sight to his instru- 
ments, but in line with his shoulder, so that 
itcould be comfortably operated by one hand 
with the elbow on the elbow rest. The 
tudder pedals should be operable by ankle 
movements, and not by bodily movements 
inand out of the pilot’s seat. By encumbering 
heavy aircraft with large and heavy controls, 
they would not be made to behave like light 
aircraft, but would be more difficult. 


Surely there was a case for a “g” restrictor 
or alternative form of protection on a civil 
aircraft—pilots had been known to apply a 
hefty force to the column on sighting the 
shadow of their own aircraft on a cloud bank. 
This action was instinctive. Just how heavy 


and complicated were “g” restrictors? 


W. C. Lisle (Fairey Aviation Co. Ltd.), 
Contributed: To many, it must have come as 
ashock to hear Mr. Lyons and Mr. Morgan 
advance the opinion that power controls 
should be avoided in all cases except in types 
destined for supersonic flight, and this latter 
only because not sufficient was yet known of 
shock wave effects in those regions. 


He wondered whether or not certain 
powered control schemes for large aircraft 
now undergoing development, schemes which 
were certainly not remarkable for their 
simplicity, occupied a prominent place in the 
thoughts prompting this opinion. 

He had been actively engaged on powered 
control design and development for some 
years, and was in complete sympathy with 
the engineers responsible. Any designer of 
aircraft equipment was fully familiar with the 
safety devices, which generally completely 
cancelled out whatever claims to simplicity 
the basic system might have held. 


, He pleaded for a revival of the primitive 
art” of simplicity in design, and even more 
Important, in requirement conception. 

They must be more exacting in their choice 
of basic design features. It was surely asking 
for trouble to accept a system knowing that 
under certain, quite probable operating con- 
ditions, a controlling element might fail, 
fesulting in serious consequences to the 
aircraft, and not being content with that, to 
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repeat precisely the same weakness in an 
emergency system. 


This state of affairs might be thought by , 
some to be unavoidable, but such an opinion 
was unwarranted. Unlike Major Mayo, he 
would not ask for 100 per cent. reliability, 
but 99.99 per cent. This at any rate should 
have a claim to realism, and admitted the 
necessity for a secondary emergency system. 


The simplest form of power servo 
mechanism was considered to be the 
hydraulic or pneumatic jack and follow up 
valve. With piston type valves it had to be 
accepted that due to minute cylindrical 
clearances, it was possible for the valve to 
seize. The slide valve, however, need not 
suffer from this weakness, and was considered 
capable of development to a very high degree 
of reliability. 


When considering the hazards of failure, 
however remote, the Biblical quotation: “If 
thy eye offend thee pluck it out” would 
appear to be sound advice, as no emergency 
provision was really worth having, unless it 
ensured the complete jettisoning of the 
offending unit, particularly as this was so 
simple to effect. This applied equally well 
to manual reversion or duplicated power 
schemes. 


The author had suggested that in a 
duplicated power system, unless the efficiency 
and therefore weight penalty of the screw 
jack was accepted, irreversibility would be 
lost should both systems fail. This was not 
necessarily so, as it was quite feasible to 
install an irreversible unit which was 
independent of either power system. 


S. Foster (Contributed): A method of com- 
bining manual and duplicated power control 
for aircraft surfaces divided the length of the 
flap aileron or rudder into four independent 
surfaces mounted on a common axis about 
which they rotated. 


The two outer lengths were fitted with 
normal manual control and their area was 
determined by the maximum hinge movement 
normally desirable to satisfy the “feel” of the 
pilot. The two inner lengths had equal 
areas and transmitted the balance of the 
hinge movement to hydraulic jacks or 
electrically operated screws, one or more to 
each surface. The jacks on each surface were 
controlled by independent power supply 
systems, hence if one source were defective 
the other would take over the whole load 
automatically and immediately. 
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Fluid supply to the jacks was controlled by 
micro-selector valve or micro switches 
operated by a pivoted lever area attached to 
‘the inner ends of the outer sections. This 
lever area was located on its pivot by 
centralising springs adjusted to resist the load 
necessary to depress the micro-selector 
valves. A small angular movement therefore 
of the outer relative to the inner surfaces 
brought into action the jacks which then 
followed the motion of the outer controls. 
In the event of the failure of one of the 
power supply systems the surface which it 
controlled would lag behind the movement 
of the other three surfaces and the load on 
the valve lever would be increased sufficiently 
to deflect the centralising springs and rotate 
the lever about its pivot by a small amount 
before location on a stop. This movement 
was utilised to operate the seiector to connect 
the two sides of the jack piston to the header 
tank. At the same time a pin attached to 
one inner surface engaged on the end of a 
slot in the adjacent inner surface and the 
active member drove the inactive one. 

If all power failed the whole control 
surface would be operable by the manual 
controls in the normal way. 

It was proposed that high speed flight 
should only be attempted if both sources of 
power were available. In the event of failure 
of one, of which a warning would be given, 
the conditions of flight should be adjusted to 
within the limits of manual control. The 
power jacks would then act to ease the 
pilot’s load so that in the event of failure of 
the remaining source of power the whole 
load would be thrown on to the pilot’s con- 
trol. This would be within his capacity to 
handle. 

Definite mass balance of the outer surfaces 
appeared necessary and possibly, of the inner 
member also. Therefore from the weight 
saving aspect the scheme might not be 
attractive, but had the advantage of safety 
as an over-riding consideration. 

When the power operation was applied 
merely to reduce fatigue of the pilot the 
control surface could be arranged in two 
divisions only so that in event of power 
failure the full normal load would be carried 
by the pilot. 

In some systems this case was covered by 
a single undivided surface with an artificially 
induced “feel” at the pilot’s control. 

The scheme outlined obviated the pro- 
vision of complicated mechanism and the 
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control runs would be exactly the same as 
for any other aircraft with preferably smaller 
actual maximum handling loads, 


MR. LYONS’ REPLY 

Mr. Petter: He wished to make a small 
correction to one of Mr. Petter’s remarks, 
Mr. Petter suggested that he had placed a 
limit of 200 ft. wing span on aircraft with 
servo tab controls. This was not true—no 
limit was found even up to 300 ft. span, the 
highest it was at present practical to consider. 

It was not possible to apply the principle 
of a  “multi-surface powered control 
system” directly to an all-moving control 
surface, but there were two ways of adapting 
the principle : — 

(a) They could operate the all-moving 
surface by, say, four jacks in series all 
operated by separate powered control 
units, and each moving the tailplane 
through one-quarter of its total travel. 
An alternative would be to operate 
separately the port and starboard sides 
of an all-moving tailplane by two jacks 
in series. Either of these solutions 
divided the control power into four 
completely separate quarters for all 
flight conditions; or 

(b) They could have elevators on the rear of 
an all-moving tailplane, and they could 
be switched out of action and centralised 
at very high speeds only. This system 
could obviously only be applied to a 
limited range of aircraft. 

The satisfactory level of the maximum 
artificial control forces (not including 
restrictor forces) would vary somewhat with 
the friction level, for one of the prime con- 
siderations in fixing the level was the 
importance of satisfactory self-centring of the 
controls, It was most likely that the design 
of load restrictors would not vary much from 
aircraft to aircraft, and that only adjustment 
as to the level of its restriction would be 
necessary acording to the class of aircraft. 

Mr. Pardoe: The permissible accident rate 
for civil aircraft quoted in the lecture was on 
the high side, but this was done deliberately 
in order to show the severity of the problem 
without running the risk of being criticised 
as being too gloomy. Ina duplicated system 
they would get many half unit failures before 
they got a complete, double failure, and 
those failures should enable the powered 
control engineers to vet their system, and 
improve the reliability. But the reliability 
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required was so high, and they were dealing 
with random failures, not definite faults in 
the power system and, with straightforward 
duplicated systems they always had the 
possibility of interconnected failures, that 
they could not assume that a number of half 
unit failures would enable them to attain 
perfection in the mechanism. 


It was possible to mitigate or even 
eliminate the possibility of breakage by the 
powered control system on the rudder and 
ailerons by limiting the power, but on the 
vital control, the elevator, change in stability 
and trim made this generally impossible. 


Mr. Pegg: Mr. Pegg said that “the con- 
trols should in some degree match the size 
of the aeroplane.” He felt that as the pilot 
had the same strength irrespective of whether 
he was flying a large or small aeroplane, they 
should make the control forces similar, that 
was make the forces used during the take-off 
and landing of the same order for all aircraft, 
if they could. Then as, in general, it would 
be easier to break the larger aircraft at higher 
speeds because of its lower strength factors, 
they should provide restrictor action to 
prevent damage on the larger aircraft. The 
lag between control movement and aircraft 
response, which increased with aircraft size, 
made it more difficult to control accurately 
the large aircraft, but dealing with this 
increased lag was largely a matter of 
experience, as they had seen from going from 
the Tiger Moth to the Lincoln. 

Mr. Meredith: The multiple jack power 
system as described did go a long way 
towards achieving a completely reliable 
powered control system, but there were still 
two things common to all the power units— 
the control surface itself and the synchron- 
ising shafting. In the event of a failure of 
one unit, the failed unit had to be sheared 
off, this involved severing the connections 
both to the control surface and to the 
synchronising shafting before the other units 
could continue operating the surface. There 
were obvious difficulties in designing the 
shearing units such that they failed when 
necessary but held fast until that time, con- 
‘dering the small power reserve that might 
be available in some cases with an 
economical power supply. For example, in 
the general case they must guard against the 
holding of a large trim load which would 
teduce the force that could be made available 
(0 break the shear units; the problem of 
fatigue of the shear units which were in the 


direct drive could not be ignored, as the 
safety margin was limited by the reserve of 
power, and so on, 

Mr. Meredith suggested that the human 
pilot woud be as badly put out, as the auto- 
matic pilot was, by a given degree of lag of 
the control surface behind the cockpit 
control. Mr. Lyons could not agree with 
that. There had been many cases of aircraft 
on which the lag between control movement 
and aircraft response had been sufficient to 
seriously inconvenience the functioning of the 
automatic pilot, but on which the human 
pilot had had no difficulty of control. At the 
basis of this must be the fact that the auto- 
matic pilot was required to accurately control 
the short period oscillations of the aircraft, 
whereas the human pilot was patently unable 
to follow them, but was able to check them 
in a broad fashion. Also, of course, the 
pilot was able to change his reactions with 
experience, and did not fly the aircraft by 
“statute” as Mr. Lawrence later pointed out 
so aptly. There would appear, however, to 
be no reason why automatic pilots with 
sufficient complication should not be made to 
perform in the same selective way as did the 
human pilot, but it might be doubted whether 
the complication would be worth it. 


Mr. Morgan: It was clear that, when mass 
balance weights were removed, they would 
have definite limits on the stiffness of the 
control surfaces and operating gear, and on 
the backlash in the mechanism. Not enough 
was known about those limits, and there was 
certainly a great need for calculations on the 
flutter characteristics of all such systems to 
be done by the firms. The backlash limits 
were not calculable, and would only be 
learned from experience. At the R.A.E. they 
intended to make some flight tests as to the 
extent of permissible backlash in a system 
with flutter tendencies. 


Mr. Rowarth: The reliability factor which 
was going to worry them was not the life of 
the powered control unit, for that could be 
established by bench test. The factor which 
would catch them out was the unreliability 
due to circumstances not accounted for by 
ordinary wear—for example, failures due to 
water or pieces of dirt getting into the system 
—the failure of the ground organisation to 
follow the right procedure during main- 
tenance, and those who had seen the 
complexity of fully duplicated powered 
control systems would sympathise with the 
difficulties of the maintenance staff. 
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Mr. Lawrence: The human pilot could 
deal with practically any control action so 
long as it was progressive, and it certainly 
made easier the problems of the powered 
contro] systems when only the human pilot 
had to be satisfied. When the automatic 
pilot, which was not so clever as, although 
more accurate than, the human pilot, had to 
be satisfied also, the powered control unit 
designer had to produce accuracy of follow 
as well as a progressive characteristic. 


The incorporation of a variable gear in the 
control circuit, to ease the control loads on 
an aircraft with manually operated controls, 
only had a limited application. It could only 
be used when lighter forces were needed for 
small maximum deflections of the control. 
Thus it could not be used for rudders where 
the maximum control forces were needed in 
combination with large angles of deflection 
during take-off, approach engine cut and so 
on. It must not be used for the elevator, for, 
with fixed control gearing, the stick force per 
“9” should be roughly constant with speed, 
an eminently satisfactory state of affairs. 
Even if aeroelastic or compressibility effects 
caused a rapid increase in the stick force per 
“s” at high speeds, it would be dangerous to 
use a change gear because of the danger of 
leaving the higher gear in at lower speeds. 
Only on some aileron controls could it find a 
logical application, although the advent of 
spring tabs, and the desire for the use of 
larger aileron angles at high speeds to 
increase manceuvrability, had largely invali- 
dated its usefulness. 


Mr. Woodford: There was no reason why 
a gust alleviation system should not be used 
with aerodynamic servo tabs; the action of 
the servo tab was fast and especially at high 
speeds was as rapid, if not more rapid, than 
the average powered control system: in fact, 
gust alleviation systems depending on servo 
tab controls were already under active con- 
sideration, He considered that the use of 
high efficiency jacks in duplicated systems, 
on which mass balance had been removed 
from the contro] surfaces, could not yet be 
accepted because of flutter considerations. It 
was true that, in order to prevent flutter, they 
either had to provide sufficient hinge stiffness 
about the control surface or sufficient damp- 
ing, and the usual error resetting property of 
the powered control system provided an 
artificial, large hinge stiffness. But, in 
general, the forces involved during flutter 
were so large in comparison to the maximum 
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aerodynamic hinge moments that, once 
flutter had developed to a certain degree, the 
powered control would be overwhelmed, 
Also they might have to allow for a consider- 
able reduction in the maximum powered 
control torque because of power failure, up 
to half for a simple duplicated system. 
Admittedly, they must imagine a sufficiently 
hard initiating swing of the flutter cycle to 
overcome the powered control torque, but 
the rapid decelaration of the powered contro] 
after it had been moving at maximum rate 
might in itself cause this initial swing. In 
those circumstances it would appear unwise 
at present to allow the large, effective hinge 
stiffness of the powered control as a flutter 
preventative, and they must rely on the 
second alternative, the damping. As the 
damping in the screw jack was frictional and 
not velocity damping, the required damping 
was difficult to calculate, and because of this, 
and the fact that different amounts of 
damping were needed under different flight 
conditions, the requirements set by the flutter 
experts were liable to be on the high side, 
likely to result in an almost irreversible 
jack. 

He was not advocating a “down tools” 
policy on powered controls; the need for 
powered controls on transonic and supersonic 
aircraft was freely acknowledged in the 


paper. 

Mr. Woodall: As stated in the reply to Mr. 
Morgan, the amount of backlash permissible 
in powered controls from which the mass 
balance had been removed was not calculable, 
but until further experimental evidence was 
available, a limit of +1/10° was set, based 
on some sparse wind tunnel data. 

The addition of a brake to the motor of a 
reversible screw drive certainly improved the 
anti-flutter precautions, but it could still not 
be regarded as truly irreversible; first there 
was a limit on the maximum resistive torque, 
and secondly, while the unit was oscillated 
such as during flutter, the braking effect was 
removed. 

The control of an aircraft by velocity 
control instead of positional control had 
some attractions and warranted a thorough 
investigation which it had not yet received 
because of the more pressing need for making 
positional control satisfactory. 

The saving of weight by the action of 
throwing away the mass balance weights of 
the aircraft control surfaces was large—of the 
order of }—1 per cent. of the total aircraft 
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weight—but against this saving they must 
place the increase in weight of the mechanical 
ear necessary to move the controls and 
pevent flutter. If only powered controls 
were considered, there appeared little doubt 
that it paid in weight to remove the mass 
balance weights, but if aerodynamic controls 
were considered as the alternative to the 
powered control system without mass balance 
weights, it appeared, on present evidence, 
that the aerodynamic control would not be 
heavier and was most likely to be lighter. 
And, if there were little in the weight aspect, 
he vastly preferred the anti-flutter precaution 
which would not fail them unawares, that 
was the mass balance weight. 


Mr. Swain: The powered control system as 
outlined by Mr. Swain was certainly well 
thought out and was deserving of success. 
The complete independence of the main 
powered control system and the “inching 
gar” was on the right lines. As to the 
weight question, he could only reiterate his 
views as stated in the lecture itself and in his 
reply to Mr. Woodall. 

Mr. Robertson: Mr. Robertson had 
suggested, in effect, that they could reduce 
the weight of the powered control necessary 
(0 operate a given control surface by reducing 
the power level required considerably as the 
result of using an aerodynamic servo tab 
balance on the main control surface. If this 
were done they would have to mass balance 
the main control surface in the usual way 
and there would be no weight saving, 
vompared with a straight servo tab system 
without power. The weight of the powered 
wontrol unit could be reduced by a geared tab 
ot other fixed balance, and mass balance 
weights would then not be needed, although 
‘ructural weight would increase; the 
powered contro] unit weight would not, 
towever, decrease at anything like the rate of 
iectease of the power output. Also there 
vas a minimum power level which they could 
work to, however closely they tried to 
talance the main control surface, in order to 
illow for variations in the hinge moment with 
ingle, speed and so on. (As a suggestion a 
’b, of the control surface of about +0.2 
Would give this minimum.) Undoubtedly 
tiere must be optimum conditions of aero- 
dynamic balance and powered control unit 
Power to give the minimum weight. 

The drag of aerodynamic servo controls 
‘ould be little different from the drag of plain 
‘ntrols, especially when the tab gaps were 
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sealed. Also, witn powered controls they 
had to provide the power from the engines to 
drive the powerea control units and this 
represented a steady “built-in drag.” 

The control of servo tab controls at low 
speed appeared frightening to the uninitiated; 
the main controls certainly flapped around 
aimlessly during taxi-ing, but actual exper- 
ience on servo tab controls showed no 
difficulty. As a refinement, locking of the 
main surfaces during taxi-ing could be 
indulged in, provided that there was an inter- 
lock preventing take-off in that condition. 

The point about “g” restriction by powered 
control output restriction was dealt with in 
the reply to Mr. Pardoe. He was glad to 
have Mr. Robertson’s support for the “multi- 
surface powered control system.” 

Mr. Reid: He agreed with the bulk of Mr. 
Reid’s remarks, but felt that even on the high 
speed Service aircraft they must face the 
reliability problem squarely. They must 
assume that one failure had occurred of the 
worst possible kind, which had caused a 
control or part of the control surface to lock 
as far over as it could, and must try to meet 
that emergency. If they tried to meet this 
case using any kind of multi-surface or multi- 
series jack system, they would end up with 
three or, usually, four divisions. 


Mr. Parker: He strongly agreed that 
the powered control unit designers must 
be informed by the aircraft manufacturers as 
to what they required in time for the unit 
designers to make a good job of the develop- 
ment. His views presented in the lecture 
represented only his personal views and he 
could not speak for the Industry, either as to 
their reaction to or acceptance of the views 
presented. He hoped that the aircraft manu- 
facturers would take every opportunity to 
keep the unit designers informed. 

Major Mayo: Major Mayo thought that 
100 per cent. reliability could be achieved 
quite easily, that it had been done on many 
units of an aircraft, but they could not 
dismiss it so lightly; they had never produced 
any complex part of the machinery of an 
aircraft with anything like this reliability; the 
only parts which approached this standard 
were the non-moving or simple parts of the 
structure. Undercarriages, flaps, engines, 
constant speed airscrews, despite all the work 
that had gone into them over the years, were 
still not as reliable as they would like them 
to be, but at least if they failed they were not 
faced with a catastrophe. The flying controls 
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were the prime consideration after the main 
structure, and they could not accept the same 
failure rate on those as on the other pieces of 
machinery in the aircraft. 

It was not a question of “putting off the 
evil day” when they would have to use 
powered controls on large aircraft; they must 
show some benefit in using powered controls, 
some advantage in weight or safety or 
maneceuvrability or decreased pilot’s effort. 
They had not shown a conclusive case for 
the powered controls on large aircraft; if 
anything the reverse, and the largest aircraft 
yet envisaged could be flown with servo tab 
controls with less effort than the Lancasters 
and Halifaxes of to-day. 

He agreed that work on powered controls 
was vital, and they should have ample 
Opportunity to prove the merit and reliability 
on the high speed aircraft of the immediate 
future, where all concerned agreed that their 
use was essential at present. 

Mr. Anderson: There was no doubt that 
control of an aircraft could be maintained by 
alteration of the jet direction; it was done 
quite successfully in the German V.2. 
Solving the mechanical problems in con- 
nection with its general application to aircraft 
was not going to be so easy. It was necessary 
for the sake of safety to have multiple 
engines, and the provision of suitable ducting 
to provide the duplicated control at various 
positions in the aircraft from those engines 
was going to give them appreciable ducting 
losses, and there would be space limitations. 
Also they still had to provide powered 
controls to direct the jets. Unless there was 
a particular need to have large amounts of 
control well below the stalling speed of the 
aircraft (e.g. as on the German V.2 in a 
vertical take-off) there did not seem a strong 
case for the widespread use of jet control as 
yet. A possible application might be found 
in the provision of a subsidiary control to be 
used at high speeds where the main controls 
were becoming less effective, although con- 
tinuity of control must be realised throughout 
the speed range. 

Squadron Leader Coton: He agreed that 
light controls for all aircraft during 
necessary manceuvres, especially during take- 
off and landing, should be a requirement. 
The “armchair controls” described sounded 
most reasonable and attractive, and there 


should be no more difficulty in fitting in: 


restrictors on those controls than on the more 
normal cockpit controls. 
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The position about the need for “g” 
restriction on civil aircraft was not clear. The 
most important factor to remember about 
civil aircraft in this connection was that the 
maximum loads imparted on the aircraft by 
the pilot were small compared with the gust 
loads the aircraft had been stressed to take. 
There was, therefore, a large factor of safety 
on the maximum loads that the pilot should 
cause to be applied to the structure. They 
must remember the type of involuntary or 
unusual action of the pilot as described by 
Squadron Leader Coton, but it was probably 
essential to wait to see the airline pilot's 
reactions to light control forces before 
making a final decision as to the necessity for 
restrictor devices. The devices were unlikely 
to be too complicated and, at a very rough 
guess, should weigh 60 Ib. per aircraft, and 
those facts should obviously be borne in 
mind when making the final decision. 

Mr. Lisle: It was true that a separate unit 
could be attached to a control surface to 
prevent flutter in case two duplicating jacks, 
say, failed and lost their irreversibility. This 
unit must take the form of a damping unit, 
not an irreversible unit, for it was not at 
present considered a sufficient safeguard 
against flutter to switch in an irreversible unit 
or damping unit after the failure of the main 
drive units. If an interval occurred between 
the main units losing their irreversibility and 
the standby anti-flutter unit being switched 
in automatically, this interval, although small, 
might prove sufficient for the flutter to reach 
large proportions because of the extreme 
rapidity of the build-up of the fluttering 
motion. A permanent damper, although a 
sufficient safeguard against flutter, was likely 
to be a mixed blessing, as the main powered 
control units had to overcome it as well as 
the aerodynamic loads during normal 
operation; it might effectively double the 
aerodynamic loads during fast control 
application. 

Mr. Foster: The system described would 
certainly need full mass balance, and it was 
difficult to see what it had to commend tt 
over a straightforward powered control with 
manual reversion. 

The Discussion had brought out points of 
great interest and posed queries that were 
not all easy to answer. He hoped that both 
the paper and the Discussion had stirred up 
thoughts on the subject, and would help to 
further the work on the development of 
flying controls for aircraft. 
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ifety Proceedings of the Society for Experimental Stress Analysis, Volume V, No. 1. 

‘hy Addison Wesley Press, Cambridge, Massachusetts, 1947. 136 pp. $6.00 net. 

y ns The papers in this volume include seven on dynamic or impact loading, three on 

an strain gauge methods, two on telemetering, one on residual stresses after heat treat- 

lot, ment and one on X-ray applications. 

fore The articles are listed below, together with a brief description of their contents : 

rd |. Explosive Impact Tests—Paul R. Shepler. 

ough A novel device for impact tests at strain rates of the order of 10,000 to 25,000 

and per second is described. The apparatus consists of a bomb tester using gunpowder 

e in and an attached accelerometer for measuring the displacement. Results are given 
for several steel and copper specimens and the general conclusion is that for all 

unit materials strength increases with strain rate. A valuable bibliography is appended. 

t - 

i. 2. Criterion of Static and Fatigue Failures—Albert Sniderman. 

This This paper shows how to apply a modified Goodman diagram to the problem of 

unit, predicting allowable stresses for parts subjected to known combined static and 

ot at fluctuating loads. Using the conception of a critical mean stress the author attempts 

puard to arrive at a criterion for evaluating conditions leading to static or fatigue failures. 

unit 

main 3. The Experimental Determination of the Dynamic Structural Response of an 

tween Airplane to Impact Loadings—W. M. Chaflin. 

y and This paper describes the design and testing of a dynamically similar model to 

itched investigate the stresses in a large aeroplane caused by landing loads. Non- 

~_ dimensional amplification factors are determined from the experimental data. 

reac 

treme 4. A Proposed New Shock Measuring Instrument—W. P. Welch. 

op A simple mass-spring shock recording instrument for field use is suggested. By 


iikely using an electrical analogy on the Westinghouse Transient Analyser the author shows 
) that the most satisfactory performance would be obtained with a damping coefficient 


= equal to half the dead-beat value. 
“-* 5. Radio Pulse Telemetering—Conrad H. Hoeppner. 


ontrol This article eulogises the successful radio-telemetering of data from V.2 rockets 
launched at White Sands Proving Ground in New Mexico. 


pi 6. Method of Obtaining the Stress at the Mid-Thickness by Measurements from 
pee it Only One Surface of a Plate—A. Boodberg and E. D. Howe. 


y with __ A method of measuring the stress distribution in a plate accessible only on one 
side is described. The apparatus consists in principle of two strain gauges, one fixed 

ee to the surface of the plate and the other on a strip of metal held at a known distance 

a ftom the middle plane of the plate. 

ee 7. Bonded Wire Strain Gauge Techniques for Polymethyl Methacrylate Plastics— 

A.G.H, Dietz and W. H. Campbell. 


ent of This paper describes a successful technique for mounting resistance strain gauges 
on certain plastics. A valuable discussion by Professor Eney points out the grave 
experimental difficulties that attend the use of resistance strain gauges on plastics. 
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8. Effects of Temperature Gradients upon the Introduction of Residual Stresses in 
Weldments or Other Structures—J. R. Stitt. 


The article discusses the allowable temperature differences during the cooling 
of heat-treated specimens in order that the yield stress should not be exceeded. 
Attention is drawn to anomalies in existing specifications. 


9. Recent Contributions to the X-Ray Method in the Field of Stress Analysis— 
J. T. Norton and D. Rosenthal. 


The authors report some considerable progress in X-ray methods of stress 
analysis. Portable equipment has been designed and methods of reasonable accuracy 
have been developed for materials with a wider range of grain sizes. Some interesting 
results of residual stresses caused by plastic flow are given and a meti:od of estimating 
internal stresses from surface stresses by continuous recessing is described. 


10. Lateral Vibration and Stress in a Beam under Shock Machine Loading—E. G. 

Fischer. 

In order to study the effects of shock on naval equipment special shock testing 
machines have been designed. The author analyses theoretically the simple case 
of a hinged beam under lateral shock and shows that the results of tests with the 
shock testing machine agree well with the theory. 


11. High-Temperature Strain Gauges and Their Application to Measurement of 
Vibratory Stresses in Turbosupercharger Buckets—S. S. Manson, R. H. Kemp, 
W. C. Morgan. 


This important contribution describes methods of constructing, mounting, and 
testing strain gauges that can withstand temperatures up to 1,500°F. The strain 
sensitivity factor of filament-type strain gauges directly cemented to the test region 
remains essentially uniform up to the highest temperatures of test. The temperature 
limit was found to be sensitive to the type of electrical circuit used. 


12. Some Characteristics of Navy “High Impact” Type Shock Machines—Irwin 
Vigness. 
This article is complementary to 10. Three classes of shock testing machines 
are described and their characteristics are compared with the shock conditions 
produced by actual under-water explosions or gun blasts. 


13. Electronic Commutation of Strain Gauges for Telemetering-—Lawrence Lee 
Rauch. 


The paper describes a system for telemetering aircraft instrument readings to 
a ground station. This system, developed at Princeton University and used at 
Operation Cross-roads, is an electronic commutation method of time-division multi- 
plexing wherein short samples of the various instrument or gauge readings are 
converted into signals and transmitted in cyclic series order. The receiving 
apparatus analyses the synthesised single signal into the original signals. 


14. Determination of the Effect of Ground Impact Forces in the Airplane Drop- 
Test—A. H. Pedersen and J. G. MacCarthy, 
The authors of this paper complain that “little has been published (on aeroplane 
drop testing) to establish the subject upon an orderly and systematic basis.” After 
reading this article the reviewers feel inclined to agree. 


Many of the articles leave much to be desired as regards presentation and 
readability. Noteworthy exceptions are articles 1 and 11. This is not surprising 
since they derive from the M.LT. and N.A.C.A. respectively. 
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The Quarterly Journal of Mechanics and Applied Mathematics. Clarendon Press, 
Oxford. Single number 12s. 6d. net. Annual subscription 40s. 


The new Quarterly Journal of Mechanics and Applied Mathematics is intended 
to be a means of publication for work which is too mathematical for the ordinary 
engineering journal and not abstract enough to fit into those scientific periodicals 
devoted mainly to the solutions of purely mathematical problems. It should fill 
a notable gap in our literature and be a counterpart to the Z.A.M.M. and the 
American Journal of Applied Mathematics. 


The first volume of the new Quarterly is now complete and a glance through 
its pages reveals much that should be of interest to the aeronautical engineer. 
indeed, it is somewhat startling to find that just over half of all papers may be 
summarised under the one heading of aerodynamics. If one deducts from the rest 
those dealing with general mathematical methods, one is left with just over a sixth 
of the total for the whole range of physical sciences, from acoustics to thermo- 
dynamics. Proud as the aerodynamicist may be of thus finding himself in the 
forefront of scientific development, it does not seem likely that this is a correct 
picture of the present state of applied mathematical research. 


Of the aerodynamic work here presented, the great majority deals with problems 
of compressible and supersonic flow. Some of these papers appear to be of a fairly 
fundamental nature; how far the results may be of practical application, it is 
difficult to say in the absence of generally accessible experimental information. The 
ordinary aerodynamicist who seeks enlightenment in these matters may be warned 
that a high degree of familiarity with vector and tensor analysis is assumed in some 
of these articles. 


Work of this nature, before it can be used for design purposes must first be 
“translated” from the general to the specific by someone able to assess the relevancy 
of the theoretical assumptions. In this respect, a minor criticism may be made of 
the summaries which precede the papers. They are often so unrevealing—although 
purely formally correct—that one has to read through the paper to discover if it 
applies to the particular problem in which one is interested. 


The JOURNAL is excellently produced and is a pleasure to the eye as well as 
to the mind. 
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CORRESPONDENCE 


AIRCRAFT SERVICING 


No one appears to deny the need for easier and less frequent servicing of both 
military and civil aircraft, yet apart from a few constructive proposals, very little 
is done about it. In principle the commendable methods advocated by Messrs. 
Norman and Wilkinson have surely been used effectively in the automobile industry 
for many years (in the Ford style), and it is difficult to see why similar methods have 
not been developed by the British Aircraft Industry. 


As regards improving basic design, | believe too many aircraft technicians 
tend to over-specialise when they lack suitable practical experience of a broader 
nature. Would it be practicable for every draughtsman to spend a few weeks each 
year on aircraft maintenance, or are there too many technicians for the number of 
aircraft available? At the same time that section-leaders “vet” layouts and arrange- 
ment drawings for accuracy before details are drawn and issued to the shops, could 
not a competent production engineer check for manufacture and a maintenance 
engineer check for features which concern ground servicing? The knowledge, 
experience and advice of these individuals could then be applied at the right time, 
not (as is usually the case) when any practical improvement would affect hosts of 
other components and merely complicate the overall design. 


Since the constructor is required to prepare technical information to enable the 
operator to service and fly the aircraft as safely and economically as possible, surely 
the military and civil experts could get together and formulate one set of basic 
requirements to suit all aircraft. The A.R.B. requirements seem sensible and it is 
difficult to see why these could not be slightly adapted to take account of armament 
and other features peculiar to military aircraft. Some of the useful information 
concerning proprietary parts, at present contained in A.P.s, could be reprinted for 
civil users. 


Knowing the scope and arrangement of the technical information requirements, 
one or more competent engineers should start compiling the data for the prototype 
machine in collaboration with the design and works departments concerned. By the 
time the aircraft is ready for test flights the basic general information and illustrations 
should be drafted. During the manufacturer’s test flight programme, careful 
observations should be made of all servicing techniques, operations and difficulties. 
The person(s) compiling the servicing notes must work in close liaison with the 
ground and design staffs, so that by the time the aircraft is ready for delivery lucid 
instructions have been prepared on how to do all normal servicing operations (using 
standard equipment) with the least effort in the shortest possible time. These concise 
instructions, with unfamiliar operations clearly illustrated, accompanied by a list of 
tools, the average time taken and the number of men needed, should be of some 
real value to the operator’s ground staff. As experience with the particular aircraft 
is accumulated, the history of the aircraft will reveal significant facts for compiling 
the servicing schedule, so that by the time the aircraft is in production really accurate 
and readily-understandable information should be available for all normal servicing 
needs and also the most likely repairs. 


All this seems elementary, but for some reason things do not seem to work out 
that way. Perhaps with the helicopter—as yet largely unburdened by all the excessive 
paraphernalia crammed into most modern aeroplanes—we shall have an aircraft 
whose maintenance is the mechanic’s Mecca; certainly opportunity is there and has 


already knocked. 
R. G. Huggett 
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CORRESPONDENCE 


AIRCRAFT ACCIDENTS 


I agree with much that Mr. Smith said about Aircraft Accidents in the November 
1948 JOURNAL but some further comment is necessary. 


Ground control 


The analogy between the pilot of a ship and the senior airport controller seems 
unfortunate. The one is responsible for the safety of a vessel which he himself can 
manoeuvre; the other can not ensure the safety of, or manceuvre the aircraft. He can, 
however, be of the utmost assistance to the captain of an aircraft and frequently is. 


Flight crew 


In many cases adherence to traffic patterns involves, or should involve the use of 
short-range approach and positioning aids. This is so in V.F.R. as well as LF.R. 
conditions. I think there is a good argument for all traffic patterns, wherever 
possible, to apply in both visual and instrument conditions. The Link Trainer 
would continue to be most useful for practice and as a means of analysing faults; 
but it will never take the place of experience obtained in actual operating conditions. 


Passengers and safety equipment 


So far as possible standardisation of safety equipment in aircraft should be 
attempted. Operating companies might consider incorporating some notes on safety 
services, preferably illustrated, in their route folders. 


I wonder if the effect of the sea on a door intended to be opened outwards has. 
been considered by Mr. Smith. Would it not be better for emergency exit doors 
and hatches to be jettisoned on impact, or at least be under the control of the 
captain? In aircraft with separate cabins it should be possible for provision to 
be made for a crew member’s seat so that in an emergency an officer would assist 
passengers in the same way as a ship’s officer is responsible for a lifeboat. 


As a final thought—what do passengers think about this most important 
subject? Has anyone tried to find out and, if so, can any conclusions be drawn? 


Squadron Leader H. C. Brilliant, Associate 


FIRE PREVENTION IN AIRCRAFT NACELLES 


The following rather different approach is suggested to the problem of 
extinguishing fire in jet engine nacelles from that in Dr. Still’s lecture “Some Aspects 
of Power Plant Development,” December 1948 JOURNAL. 

Extending cambered shutters could be designed into the nacelle front, to 
provide a faired nose-piece in the extended position, and leave a normal intake when 
withdrawn. This could take the form (in aircraft where the engine layout permitted): 
of an extending nose-piece with overlapping segments, which, in the retracted 
position forms an engine nose fairing, but when extended seals off the nacelle air 
intake as before. 


The Saunders-Roe §.R.A/1 at present incorporates an extended nose-piece, 
although with rather a different function. 


Action on the pilot’s part (after warning from a suitable fire detector) would 
then be as follows : — 
1. Close the engine fuel feed cock 
2. Close the engine h.p. cock 
3. Close the air intake shutters. 
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CORRESPONDENCE 


The “run down” of the engine from its operating speed would then presumably 
be sufficient to exhaust the nacelle of air, in which case combustion could not 
possibly continue. 


This system could also provide the following functions : — 


1. Streamlining the nacelle in the event of engine failure, and thus 
effectively “feathering” the unit; as well as preventing any further 
damage to the engine. 


2. Reducing drag on the dead engine nacelle to a minimum. 
3. Providing air intake covers when the aircraft is parked. 


Should fire and an engine failure occur simultaneously, and the engine “run 
down” not be sufficient to extinguish the flames, a small Co, bottle or any other 
conventional method could be employed to blanket the engine. 


W. J. J. Macdonald, Graduate 


POWER PLANT DEVELOPMENT DISCUSSION—A CORRECTION 


In the December 1948 JOURNAL the second paragraph (pp. 794-5) of Squadron 
Leader E. P. Bridgland’s remarks in the Discussion on Dr. E. W. Still’s paper, “Some 
Aspects of Power Plant Development,” should read as follows: — 


There were two main problems associated with engine starting; one was the 
initial firing of the engine, which it was felt could be improved by further develop- 
ment of priming systems, and the other, as Dr. Still mentioned, was the oil system. 
He did not want to go into the subject unduly, but until the manufacturer realised 
that the oil tank was a most important part of the oil system, and designed it as 
such, trouble would always be encountered when attempting to operate at low 
temperatures. 
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NOTICES | MARCH 1949 


GARDEN PARTY 


The Society’s Annual Garden Party will be held on Sunday, 8th May 1949 at 
White Waltham Aerodrome, near Maidenhead, by kind permission of the Ministry 
of Supply and the Fairey Aviation Co. Ltd. Further particulars will be sent 
individually to members shortly. 
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Problems in the Development of a New Aeroplane, by G. R. Edwards, M.B.E., 
B.Sc., F.R.Ae.S. 

Present Thoughts on the Use of Powered Flying Controls in Aircraft, by D. J. 
Lyons, B.Sc.(Eng.), A.F.R.Ae.S. 

Reviews. 

Correspondence. 


The Council have set aside an annual sum of £250 for the award of premiums for 
papers published in the Journal and hope that members (or non-members) will con- 
tribute papers on their own special subjects. 


THE AERONAUTICAL QUARTERLY 


The Council have great pleasure in announcing that they have decided to publish 
an Aeronautical Quarterly beginning next May. 

The Aeronautical Quarterly will enable papers describing new and original work, 
or papers reviewing the progress in some specialised field of activity, to be published. 
Through the medium of its pages results of these researches will be made available 
to all workers or design groups concerned with aviation. 

To ensure that the high standard set in the new Quarterly shall be reached and 
maintained, the Council have been fortunate in the assistance which has been given 
to them by an Editorial Board and many of the leading authorities in various 
branches of aeronautical engineering and science who have willingly offered their 
co-operation to act as referees on all papers submitted for publication. 

.The Council of the Society was greatly encouraged to sponsor this new venture 
by the response it received from members of the Society to its enquiry as to the need 
of such a publication. The future of the Quarterly is dependent on the support it 
téceives; it is hoped, therefore, this support will be forthcoming from all sections 
of the Society, so that the success of the Quarterly is assured. 

The price of the Quarterly will be 10/- a number for non-members and 7/6 a 
number for members. 

The contents of the first number will be:— 

Flutter of Systems with Many Freedoms... hie ..  W. J. Duncan 


Conirol Reversal Effects on Swept-back Wings is H. Templeton 
Estimation of the Effects of a Parameter Change on th 

Roots of Stability Equations .. K. Mitchell 
Note on Propeller-Turbine Reduction Methods E. C. Pike 


; 
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Determination of the Drag of Jet-Propelled Aircraft in Flight G. W. Trevelyan 
and D. R. Blundell 
Notes on the Linear Theory of Incompressible Flow Round ' 
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Dryden, F.R.Ae.S., Director of Aeronautical Research to the National Advisory 
Committee of Aeronautics, on ‘‘The Aeronautical Research Scene—Goals, Methods 
and Accomplishments,’’ on Thursday, 28th April 1949, will be held at the Royal 
Institution, 21 Albemarle Street, London, W.1, at 6 p.m. Tea will be served at 5.30. 
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Point of View 


The Relative Efficiencies of and 
Boats 


The Life of Aircraft Structures 
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Operating Factors Affecting the Design of Civil Aircraft . 
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Washington as stated in the February Notices) from 23rd May to 4th June 1949. 
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G. R. Edwards, 
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A. E. Russell, 
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American Lecturers 
Summary Report on Heat Transfer and Skin Friction for § H.-J. Stewart, Cali- 


isobaric Laminar Boundary Layers... fornia Institute. of 
Technology 
Résumé of High Speed Aerodynamics... a's is Walter Vincenti, 
Ames Laboratory, 
N.A.C.A. 
The Utilisation Factors and Maintenance of Civil Aero- Warren Alberts, 
The Turbo-Prop Engine W. G. Lundquist, 


Wright Aero- 
nautical Corpn. 
Recent Design Refinements in Turbo-Jet Engines me N. Burgess and 
J. C. Buechel 
General Electric Co. 
Aerodynamically-Boosted Surface Controls as Applied to O. R. Dunn, 
the DC-6 Transport Douglas Aircraft 
Co. Inc. 
Transonic Aerodynamic Results from Flight Testing of | F. L. Thompson, 


Dropped Bodies and Rocket Models .. ‘ N.A.C.A. 
Operational Experience with Helicopters .. es $s Clarence M. Belinn, 
Los Angeles Air- 
ways, Inc. 


Following the technical sessions a week of visits to plants and Government 
Laboratories has been arranged. Among the visits arranged are: — 
Langley Memorial Aeronautical Laboratory in Virginia 
The: Patuxent Air Station, the Navy’s Test Station 
The Naval Aircraft Factory in Philadelphia 
Republic Aviation Corporation 
Grumman Aircraft Engineering Corporation 
Curtiss-Wright Corporation, Engine and Propeller Divisions. 


Those attending the Conference, so far as possible should make their own 
arrangements for travelling and should inform the Institute of the Aeronautical 
Sciences at the earliest possible instant, if they have not already informed the 
Society. | Unless members do so it may not be possible to fit in with all the 

“arrangements. The Institute of the Aeronautical Sciences have appointed a 
Committee of their members to arrange the details of the Conference, including 
accommodation of delegates, visits and so on, 
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Courtenay, Esq., A-.R.Ae.S., on Friday, 25th March 1949, at 6.30 p.m. in Living- 
stone Hall, Broadway, Westminster, under the patronage of Sir Frederick Handley 
Page, C.B.E., F.R.Ae.S. 

The films to be shown are: The U.S. National Air Races, Cleveland, Ohio 1948; 
Operation ‘‘ Cross Roads’’ The Atom Bomb Trials at Bikini, July 1946; 
With B.O.A.C. to New York; and, With B.O.A.C. to Johannesburg. 

Admission will be by ticket only. Tickets, price 5/- each, may be obtained from 
the Society of Licensed Aircraft Engineers, Finsbury Circus House, Blomfield 
Street, London, E.C.2, or from D. G. Thorpe, Esq., Gable End, Rusthall, Tunbridge 
Wells, Kent. As accommodation is limited, early application is advised. 


FOURTH WORLD POWER CONFERENCE 


The Fourth World Power Conference will be held in London from 10th to 15th 
July 1950. The theme of the Conference will be ‘‘ World Energy Resources and the 
Production of Power.’’ 
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The Programme of the Conference will be in three divisions: A survey of the 
energy resources and the historical development of those resources of a country; 
individual papers dealing with the preparation of fuel of every kind; and ‘‘ Production 
of Power,’’ including papers on gas turbines, jet engines, hot air engines, tidal 
power, wind power, solar energy, terrestrial heat, thermal energy derived from the 
sea and atomic energy. 

Further particulars and copies of the Technical Programme may be obtained 
from: The General Secretary, Fourth World Power Conference, 201-2 Grand 
Buildings, Trafalgar Square, London, W.C.2. Telephone: Whitehall 3966. 


NOMINATION TO COUNCIL 
The following is an extract from the Rules : — 


“The twenty-one ordinary members of Council shall be nominated and elected 
from among the members of the Society. At the date of their election at least ten 
shall be Fellows, and one at least shall be in each of the following classes, Associate 
Fellow, Associate and Graduate. 

“Of the ordinary members of the Council, that number necessary to create seven 
vacancies shall retire annually. The retiring members shall be those with the longest 
service since election but they shall be eligible for re-election. 

“Nominations of candidates for election to the Council must be received by the 
Secretary not later than 10¢h April in each year and shall include statements in writing 
by the candidates that they are willing to serve. The nomination forms shall be 
signed by one proposer and two seconders, all of whom shall be voters. 

‘“‘Nomination forms may be obtained on application to the Secretary.’’ 


MEMBERS’ NEW APPOINTMENTS 

Mr. R. H. T. Harper, Associate Fellow—Chief Structural Engineer, The de 
Havilland Aircraft Company. 

Mr. A. W. Torry, Associate Fellow—Chief Stressman, The de Havilland Aircraft 
Company. 


ASSOCIATE FELLOWSHIP EXAMINATIONS 


HOME 

The following candidates were successful in the December 1948 entry for the 
Associate Fellowship Examinations : — 

Adler, F. B., Theory of Internal Combustion Engines, Design (Aero Engines); 
Agrawal, P. C., Pure Mathematics; Ali, M., Theory of Internal Combustion Engines; 
Ansell, J. J., Theory of Machines; Atkinson, 4 Pure Mathematics, Theory of 
Internal Combustion Engines (1st place), Aircraft Materials. 

Barnard, R. J., Air Transport; Barraud, N. A. H., Pure Mathematics; Beanland, 
D. F., Applied Mathematics, Theory of Internal Combustion Engines, Design (Aero 
Engines); Bigg, B. M. (Miss), Pure Mathematics, Strength of Aeronautical Materials 
and Structures, Theory of Machines; Brown, T. W. H., Applied Mathematics, 
Theory of Internal Combustion Engines, Theory of Machines; Burke, D. M., Applied 
Mathematics. 

Capewell, R. S., Applied Mathematics, Theory of Machines; Carrivick, W. P., 
Pure Mathematics; Casley, W H., Applied Mathematics, Theory of Internal Com- 
bustion Engines, Theory of Machines; Chifrine, S. B. S., Aircraft Materials. 

Davies, I. J., Pure Mathematics; Deacon, S. M. (Miss), Pure Mathematics; Dean, 
J. S., Applied Mathematics, Theory of Machines; Denchfield, H. D., Strength of 
Aeronautical Materials and Structures, Aircraft Materials; Dixon, E. D., Theory of 
Machines; Dowell, K. J., Aircraft Instruments; Drayton, F. A., Theory of Internal 
Combustion Engines. 

Eccles, D., Strength of Aeronautical Materials and Structures; Edwards, P. A., 
Strength of Aeronautical Materials and Siructures. A f 

Ferguson, J. F. (Belfast), Theory of Internal Combustion Engines, Design (Aero 
Engines); Forbes, I. A., Theory of Machines; Fuller, J. A., Design (Aero Engines). 
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Gardner, J. F., Aircraft Materials; Geargeoura, E., Theory of Internal Combustion 
Engines; Geering, J. C., Applied Mathematics; Glew, C. A., Pure Mathematics; 
Godfrey, D. W. H., Pure Mathematics, Theory of Machines, Design (Aircraft); 
Griffiths, S., Applied Mathematics, Theory of Internal Combustion Engines, Design 
(Aero Engines). 

Hagan, W. E., Air Transport} Hainsselin, T. M., Pure Mathematics; Harbottle, 
W. J., Applied Mathematics; Harding, B. A., Strength of Aeronautical Materials 
and Structures; Hart, C. J., Theory of Internal Combustion Engines; Hayward, 
D. W., Strength of Aeronautical Materials and Structures; Hilton, P. A., Pure 
Mathematics; Hoskin, W. R., Applied Mathematics, Theory of Internal Combustion 
Engines; Hurrell, R. V., Pure Mathematics; Theory of Machines. 

Jack, J., Design (Aero Engines); Jacob, D. L., Applied Mathematics; James, 
J. N., Theory of Internal Combustion Engines, Theory of Machines. 

Kashyap, R. N., Pure Mathematics, Strength of Aeronautical Materials and 
Structures, Theory of Machines; Keeble, J. B. E., Aircraft Materials (1st place); 
Khote, H. V., Pure Mathematics, Design (Aircraft); Kirkby, J. N., Pure Mathematics; 
Knight, A., Pure Mathematics, Theory of Machines, Design (Aircraft) (1st Place); 
Kundycki, J., Applied Mathematics, Theory of Internal Combustion Engines, Theory 
of Machines; Kurn, A. G., Applied Mathematics, Theory of Machines; Kwiatkowski, 
K., Applied Mathematics, Theory of Internal Combustion Engines, Theory of 
Machines. 

Lagopoulos, A. N., Applied Mathematics, Theory of Internal Combustion Engines, 
Theory of Machines; Lewis, W. W. (Beifast), Applied Mathematics, Design (Aircraft); 
Lie, J]., Pure Mathematics. 

McLaughlin, P., Theory of Machines; Male, J. G., Strength of Aeronautical 
Materials and Structures; Malecki, T., Theory of Machines; Manners, H. J. F., 
Applied Mathematics; Marshall, C. S. R., Applied Mathematics, Theory of Internal 
Combustion Engines, Theory of Machines; Martin, E. J., Applied Mathematics, Air 
Transport (1st place); Martindale, J. P. A., Theory of Internal Combustion Engines, 
Wireless Telegraphy and Telephony and their Application to Aeronautics; Milns, P..,. 
Pure Mathematics, Strength of Aeronautical Materials and Structures, Aerodynamics; 
Miller, R. D. W., Pure Mathematics; Molony, A. J. B., Applied Mathematics; 
Montanero, J. O., Applied Mathematics, Theory of Internal Combustion Engines; 
Morley, F. J., Pure Mathematics, Strength of Aeronautical Materials and Structures 
(Ist place), Design (Aircraft); Mort, J. L., Applied Mathematics; Mozolewski, M., 
Theory of Machines. 

Neustadt, H. H., Applied Mathematics, Theory of Internal Combustion Engines, 
Design (Aero Engines); Nicholas, R. G., Applied Mathematics. 

Pasternak, T., Theory of Internal Combustion Engines; Patchett, B. W., Applied 
Mathematics; Pathak, J. C., Theory of Internal Combustion Engines; Peddle, H. L., 
Applied Mathematics; Petts, F. C., Theory of Internal Combustion Engines, 
Meteorology and its Application to Aeronautics; Phillips, -J., Applied Mathematics, 
Theory of Internal Combustion Engines, Theory, of Machines; Philpot, P. R., Pure 
Mathematics, Theory of Machines; Pinchin, F. D. J., Aircraft Materials; Pratt, J., 
Applied Mathematics. : 

Raynes, J. L., Theory of Internal Combustion Engines; Reynolds, B., Pure 
Mathematics, Aircraft Materials; Ronson, G. L., Design (Aero Engines) (1st place); 
Rosenthal, J., Theory of Internal Combustion Engines, Design (Aero Engines); 
Ross, P. T., Pure Mathematics; Rouffignac, B. K. De, Applied Mathematics. 

Scallon, D. P. L., Pure Mathematics; Senathiraja, P. W., Applied Mathematics; 
Sharp, J. R., Applied Mathematics, Theory of Internal Combustion Engines, Theory 
of Machines (1st place); Sice, L. J. A., Theory of Machines; Smith, A. W. J., Theory 
of Internal Combustion Engines; Smith, S. H. P., Theory of Internal Combustion 
Engines; Spanyol, M. E..L., Pure Mathematics, Strength of Aeronautical Materials 
and Sirnuctures; Spong, J. M., Theory of Machines; Starling, R. J., Pure Mathematics 
(Ist place), Strength of Aeronautical Materials and Structures, Theory of Machines; 
Stevenson, P. E. A., Theory of Machines; Swingler, J. A., Design (Aircraft). 
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Thomas, D. T., Applied Mathematics, Theory of Internal Combustion Engines, 
Theory of Machines; Thompson, A. M., Aerodynamics; Toner, E., Theory of 
Machines, Aircraft Materials; Thurston, ‘ M., Applied Mathematics, Theory of 
Machines. 

Uydens, A., Aerodynamics. 

Wakeford, J. G., Pure Mathematics; Bell-Walker, J., Design (Aircraft); Walker, 
R. J. E., Pure Mathematics; Walley, G. D., Strength of Aeronautical Materials and 
Structures; Warhaftig, W., Theory of Internal Combustion Engines, Theory of 
Machines; Watkins, K. W., Strength of Aeronautical Materials and Structures; 
Willcocks, H. J., Applied Mathematics, Theory of Machines; Aircraft Instruments 
Theory and Design Se place); Williams, J. M., Pure Mathematics, Theory of 
Machines; Williams, R. J., Aircraft Materials; Wilson, D. F., Theory of Internal 
Combustion Engines; Winyard, A., Pure Mathematics; Woodwell, N., Theory of 
Internal Combustion Engines; Design . (Aero Engines); Woolf, P. x. Aircraft 
Instruments—Theory and Design. 

Yusuf, M. A., Theory of Internal Combustion Engines. 


ABROAD 


The following were the successful candidates in the Associate Fellowship 
Examinations held in December 1948 abroad : — 

Balasubramanian, M. S. (Bombay), Aircraft Materials; Bhardwaj, D. N. 
(Bombay), Air Transport. 

Cooke, A. (Montreal), Theory of Internal Combustion Engines. 

Davison, J. W. (Wellington), Theory of Machines. 

Edwards, J. F. (F/Sgt.) (B.A.O.R.), Theory of Internal Combustion Engines, 
Theory of Machines. 

Gassin, P. C. (Calcutta), Theory of Internal Combustion Engines. 

Iigen, H. R. (Amsterdam), Applied Mathematics, Strength of Aeronautical 
Materials and Structures, Design (Aircraft); Iskander, R. (Egypt), Applied Mathe- 
matics, Strength of Aeronautical Materials and Structures. 

Kumar, V. (F/Lt.) (Kanpur, India), Applied Mathematics. 

Law, E. H. (F/Sgt.) (Auckland), Applied Mathematics. 

Rao, H. A. R. (Bangalore), Aircraft Materials; Rao, N. S. Nagasubba (Madras), 
Pure Mathematics; Roper, M. R. (Wellington), Strength of Aeronautical Materials 
and Structures. 

Stern, L. (Melbourne), Applied Mathematics. 

Townend, F. L. (Nav. II) (Koggala, Ceylon), Design (Aero Engines); Trinder, 
T. V. (Pretoria), Theory of, Internal Combustion Engines. 

Vaidyanathan, J. (Madras), Navigation and its Application to Aeronautics. 


ASSOCIATE FELLOWSHIP EXAMINATIONS 


In reply to inquiries, Graduates elected before Ist January 1950 will not have 
to take Part III of the new Associate Fellowship Examination. 


GRADUATES’ AND STUDENTS’ SECTION—ANNUAL GENERAL MEETING 


The Thirteenth Annual General Meeting of the Section will be held at 4 Hamilton 
Place, London, W.1, on Wednesday, 23rd March 1949, at 7.15 p.m. 


AGENDA 

(1) To receive the Minutes of the previous Annual General Meeting aiid to discuss 
any business arising therefrom. 

(2) To receive the Annual Report for the Session 1948-49. 

(3) To elect the Officers and Committee for the Session 1949-50. 

(4) To discuss any other business. 

Notice of any business to be raised under item (4) should be received, in writing, 

by the Hon. Secretary before the meeting. — 
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Nominations for candidates for election under item (3) should be received by the 
Hon. Secretary, Michael C. Campion, 6a Mildenhall Road, Clapton, E.5, before 
the meeting, and should give the candidate’s name, grade, and firm or college, 
together with the names of the proposer and seconder. 

The Officers of the Section are the Chairman, Vice-Chairman, Hon. Secretary and 
Assistant Hon. Secretary. The Committee consists of the Officers and from three to 
seven other members, and must include at least two Students and two Graduates. 


LECTURE PROGRAMME—SPRING 1949 


Unless otherwise stated, lectures will be held at 6 p.m. in the esis Hall of 
the Institution of Civil Engineers, Great George Street, London, S.W.1 (by 
permission of the Council of the Institution). Tea will be. served at 5.30 p.m. 

Thursday, 17th March 1949—The Design of Propellers, by J. Mullin, B.Sc. (Eng.), 
A.F.R.Ae.S., and C. G. I. Gardiner. 

Tuesday, 22nd March 1949—JOINT MEETING WITH THE AIRPORT. 
ENGINEERING DIVISION OF THE INSTITUTION OF CiviL 

ENGINEERS. Tea at 5 p.m. Lectures at 5.30 p.m. 

Aircraft Design with Special Reference to the Restrictions —_— by 
Considerations in Airfield Design, by P. H. Watson, B.Sc., A.F.R.Ae.S. 
The Problem of Airfield Design in Relation to Aircraft Design, by C. E. 

Foster, C.B.E., B.Sc.(Eng.), A.M.I.C.E. 

Thursday, 31st March 1949—Fatigue of Aircraft Structures, by Dr. P. B. Walker, 
M.A., F.R.Ae.S. 

Thursday, 7th April 1949—Investigation of Aircraft Accidents in Relation to 
Aircraft Design, by Air Commodore Vernon Brown, C.B., O.B.E., M.A., 
F.R.Ae.S, 

Thursday, 21st April 1949—High Lift Devices and Their Use, by R. R. Duddy, 
A.F.R.Ae.S. (At the Portsmouth Municipal College at 7 p.m.) 

Thursday, 28th April 1949—THE THIRTY-SEVENTH WILBUR WRIGHT 
LECTURE: — 

The Aeronautical Research egy Methods and Accomplishments, by 
Dr. Hugh Dryden, F.R.Ae.S., Director of Aeronautical Research to the 
National ‘Advisory Committee of Aeronautics. (At the Royal Institution, 21 
Albemarle Street, W.1, at 6 p.m.) 


GRADUATES’ AND STUDENTS’ SECTION—LECTURE PROGRAMME 1949 
Wednesday, 23rd March 1949—Annual General Meeting of the Section. 
Wednesday, 6th April 1949—The Trend of Jet Engine Development, by A. A. 
Lombard, A.F.R.Ae.S , Chief Designer (Projects), Rolls-Royce Ltd. 

Tuesday, 19th April 1949—The Meaning and Measurement of Stability Derivatives, 
by P. T. Fink, B.E., Grad.R.Ae.S., Imperial College. 

Tuesday, 3rd May 1949—Notes on Fighter Development 1936-1948, by Jeffrey 
K. Quill, O.B.E., A.F.C., Senior Test Pilot, Vickers-Supermarine Ltd. 

Thursday, 12th May 1949—Pressure Cabins, by D. Cardwell, B.Sc., A.C.G.I., 

\.F.R.Ae.S., Royal Aircraft Establishment. 

Meeti ings will be held in the Library of the Royal Aeronautical Society, 4 Hamilton 

Place, W.1, at 7.30 p.m. The Library will not be open before 7 p.m. 


BRANCH NOTICES 


BEL’ AST BRANCH 
Friday, 11th March 1949—Dance—at Edenmore Hotel. 


Tuesday, 29th March 1949—Civil Aviation—Present and Future, by P. G. 
Masefield, M.A., F.R.Ae.S. : 
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Tuesday, 5th April 1949—Films (including To the Cape by Solent Flying Boat; 
Atomic Bomb Tests at Bikini Atoll; The National Air Races at Cleveland, 
Ohio), by William Courtenay, A.R.Ae.S. , 

Tuesday, 12th April 1949—Annual General Meeting and Films. 

Meetings are usually held in the Central Hall, College of Technology, Belfast, 

at 7 p.m. 


BIRMINGHAM BRANCH 
Monday, 28th March 1949—An Introductory Talk on Stability and Flying 
Controls, by D. J. Lyons, The Royal Aircraft Establishment. (At The 
Birmingham Chamber of Commerce, New Street, at 7.30 p.m.) 
Friday, 29th April 1949—Annual General Meeting at 7 p.m. Followed by a 
Smoking Concert at 8 p.m. to which friends may be invited. (At the White 
Horse Hotel, Congreve Street, Birmingham.) 


BRISTOL BRANCH 


Monday, 28th March 1949—The organisation of British Aeronautical Research, 
by H. M. Garner, M.A., F.R.Ae.S., Principal Director of Aircraft Scientific 
Research, Ministry of Supply, Bristol. 

Monday, 11th April 1949—The Aeroplane as a Commercial Product, by Captain 
K. J. G. Bartlett, Sales Director, The Bristol Aeroplane Co. Ltd. 

Monday, 25th April 1949—Annual General Meeting and Film Show. 

Meetings will be held in the Conference Room, Bristol Aeroplane Co. Ltd., Filton 

House, at 6 p.m. 


BROUGH BRANCH 
Wednesday, 16th March 1949—Supersonic Flight, by J. R. Ewans, B.Sc., 
D.I.C., A.F.R.Ae.S., B.A. Ltd., Aerodynamics Staff. At Brough. 
Wednesday, 13th April 1949—The Brabazon Aircraft, by F. H. Pollicut, Bristol 
Aeroplane Co. Ltd. At Hull. ‘ 
Lectures at Brough are held at the Flying Club, at 5.45 p.m. 
Lectures at Hull are held in the Lecture Hall, Electricity Showrooms, Ferensway, 
at 7.30 p.m. 


COVENTRY BRANCH 
Thursday, 17th March 1949—Films on Radar. 
Wednesday, 27th April 1949—Annual General Meeting and Film—in Trinity Hall. 
Meetings are usually held in the Old Gulson Library, Coventry, at 7.30 p.m. 


DERBY BRANCH 


Monday, 7th March 1949—Helicopters—The Technical Point of View, by Capt. 
R. N. Liptrot, C.B.E., B.A. 

Monday, 4th April 1949—Rocket Propulsion and Inter-Planetary Flight, by A. V. 
Cleaver, A.R.Ae.S. 


Monday, 2nd May 1949—Lubrication of Aero Gas Turbines, by J. G. Dawson, _ 


B.Sc., A.F.R.Ae.S. 
Meetings will be held at the Rolls-Royce Welfare Hall, Nightingale Road, Derby, 
at 6.15 p.m. 


GLOUCESTER AND CHELTENHAM BRANCH 

Wednesday, 30th March 1949-—-Radar Aids in Aeronautics, by S. F. Evans, 
M.Sc., Ph.D. At Cheltenham. 

Thursday, 21st April 1949—Annual General Meeting. Followed by Film, 
Atomic Physics. At Gloucester. 

All meetings are held at 7.30 p.m. unless otherwise notified. 
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Gloucester Meetings (Thursdays) are held in the Wheatstone Hall, City Library, 
Brunswick Road. Cheltenham Meetings (Wednesdays) are held in the Chemistry 
Lecture Theatre, Grammar School (entrance off Oxford Passage). 


HATFIELD BRANCH 


Wednesday, 16th March 1949—Annual General Meeting. 
In the de Havilland Senior Staff Mess, at 6.15 p.m. 


ISLE OF WIGHT BRANCH 
Thursday, 10th March 1949—A Lecture, by N. E. Rowe, C.B.E., D.I.C., 
B.Sc., F.R.Ae.S. (Provisional.) 
Thursday; 24th March 1949—Brains Trust. 


Meetings will be held in the Sports and Social Club, Saunders-Roe Ltd., Fast 
Cowes, Isle of Wight, at 6 p.m. 


LEICESTER BRANCH 


Wednesday, 9th March, 1949—Charter Flying, by Squadron Leader Wright, 
Wright Aviation Ltd. 


Wednesday, 23rd March 1949—Films. 
Wednesday, 13th April 1949—Annual General Meeting and Members’ Papers. 


Meetings will be held in Room 104, College of eng The Newarkes, 
Leicester, at 7.15 p.m. 


LUTON BRANCH 
Wednesday, 23rd March 1949—Members’ Discussion evening. 
Wednesday, 6th April 1949—Film Show. 
At the George Hotel, Luton, at 7.30 p.m. 


MANCHESTER BRANCH 


_ Thursday, 17th March 1949—Personal Experiences of Early Aerodynamic 
Research, by Professor Sir B. Melvill Jones, C.B.E., A.F.C., F.RS., 
Hon.F.1.Ae.S., F.R.Ae.S. 


Thursday, 28th April 1949—Rocket Propulsion and Interplanetary Flight, by 
A. V. Cleaver, A.R.Ae.S- 


Meetings will be held in the Reynolds Hall at the College of Technology 
Manchester, at 7.30 p.m. 


PORTSMOUTH BRANCH 


Friday, 11th March 1949—The ‘‘ Debunking ’’ of Aeronautical Sciences, by C. G. 
Grey, F.M.R.Ae.S. 


In the Lecture Hall at the Central Library, Guildhall Square, Portsmouth, at 
7 p.m. 


PRESTON BRANCH 


Wednesday, 9th March 1949—Recent Developments in Aircraft Production 
Engineering, by Professor J. V. Connolly, B.E., A.F.R.Ae.S. 


Wednesday, 30th March 1949—To be arranged. 
Wednesday, 27th April 1949—Annual General Meeting. 


Mcctings will be held in the Assembly Hall of the Technical College, Corporation 
Street, Prestwick, at 7.15 p.m. 
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SOUTHAMPTON BRANCH 
Tuesday, 8th March 1949—A Lecture, by A. G. Pugsley, O.B.E., D.S.C. 
In the Physics Lecture Theatre, University College, Southampton, at 7 p.m. 


WEYBRIDGE BRANCH 


Wednesday, 9th March 1949—Air Force Requirements and their’ Origin, by 
Air Commodore G. W. Tuttle, C.B., C.B.E., D.F.C., Director of Operaticnal 
Requirements. 

Wednesday, 6th April 1949—Historical Review of Aircraft Development, by 
Sir Frederick Handley Page, C.B.E., F.R-Ae.S. 

Wednesday, 27th April 1949—Present-Day Problems in Safety Requirements, 
by W. Tye, O.B.E., B.Sc., F.R.Ae.S., Air Registration Board. 

Wednesday, 18th May 1949—Junior Prize Lecture, by Branch members. 

Wednesday, ist June 1949—General Meeting. 

Meetings will be held at Vickers-Armstrongs Ltd., Weybridge Works, at 6 p.m., 

unless previous notice is given. 


ANNUAL SUBSCRIPTIONS OF MEMBERS 


Members are reminded that their annual subscriptions became due on 1st January 
1949. The rates are :— 


HoME ABROAD 

& s. £ os. d. 
Fellows ; 5 5 0 4 4 0 
Associate Fellows 4 4 0 3 3 0 
Associates .. *3 3 0 *3 3 
Graduates (aged 24 25) 220 2 2 0 
Graduates (aged 26-28) 212 6 212 $6 
Students (aged under 21) 1 10 
Students (aged 21 and 111 6 
Companions 3 3 0 3 3 0 
Founder Members 22 0 2 0 


* Any Associate elected before 1st October 1947 may, if he wishes, elect not to 
receive the Journal, and in this case his subscription will be reduced by £1 1s. 0d. 

It will avoid delay and confusion if members, when sending remittances for 
subscriptions, will state their names clearly and give their addresses and grades of 
membership. 

Remittances should be made payable to either the = Aeronautical Society or 
Aerial Science Ltd. 


JOURNAL BINDING 
The new prices of binding of Journals will be as follows: — 


1948 Volume .. .. 14s. 6d. (including packing and postage) 
Previous Volumes .. 16s. Od. ” 
Cases for 1948 Volume 6s. 0d. ” 


Journals should be sent direct to the Lewes Press, Friars Walk, Lewes, Sussex, 
and the remittance to the Secretary at the Offices of the Society. 

Requests for cases, with remittances, should be sent to the Secretary at the Offices 
of the Society. 


CHANGES OF ADDRESS 


To assist in keeping the records of members correct and up to date the Secretary 
will be glad if all members will notify him-as soon as possible of changes of address. 
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NOTICES 


When notifying changes please give the following peter _ 
Name (in block letters). 
Grade of membership. 
New address (in block letters). 
Old address. 
Changes of address must be received before the 15th of the month in order to 
be effective for the Journal for the following month. 


NEW MEMBERS 

The following new members have been elected:—- - 
Associate Fellows 

Robert Hastings Adams (from Graduate), Peter Robert Allison (from Graduate), 
Leslie William Buckler, William Francis Cope, John Christopher Dykes, Dennis 
Thackray Fisher, Alan Henry Griffiths (from Student), Lionel Haworth, Alastair 
Michael Adair Majendie, Thomas Harold Mercer, Peter George Mobsby (from 
Graduate), John Mowbray Morton (from Graduate), Frank William Reed, Robert 
George PP ed Haim Daniel Tabakman, David Walker (from Student), Ronald 
White Webster (from Graduate), George William Matthys Williamson, George Albert 
Woolvet (from Graduate). 


Associates, 

Ronald Stanley Bradshaw, Pedro Jose Maria d’Avillez, Harold Frearson, — 
Arthur Randle Kay, Gabriel Lancaster, Ranald Logan Porteous, William Dennis 
Seabrook. 


Graduates 

Peter James Ballard, Thurstan Haddon Banister (from Student), Philip Gordon 
Binns (from Student), Anthony Frank Boot, John Charles Cooper (from Student), 
Graham Hopkin Davies (from Student), Douglas William Eggleton, Brian Robert 
‘Foord, Herbert Roy Hadley (from Student), Oliver William Charles Harris, Dennis 
Stanley Houghton (from Student), Philip Auriel Edgar Jeffrey, Arthur Albert Keeler 
(from Student), Haydn Sidney Liner (from Student), John Robert Linge, Dennis 
Albert Logan, William McIlroy (from Students), Dennis Roland Mear, Donald Blan 
Minterne (from Student), Ray Mohindra, Leonard Kenneth Cyril Packham, David 
John Perry, Harold YeomanRatcliffe (from Student), Dencan Menzies Soutar Simpson 
(from Student), Jasper Morris William Steer (from Student), Gordon Josiah 
Wedgwood, Raymond George Welcomme, George William Woods (from Student), 
Josey sh Charles Wordsworth. 


Students 

Peter John Chance, John Cyril Chaplin, John Edward Crane, Gordon Esilman, 
Maurice Alfred Gee, Charles Forrest Graham, John Spreckley Hardiman, Derek 
Howarth, Frank Jackson, Arthur Albert Jacobs, John Michael Storer Keen (from 
Companion), John Drake Langdon, Johannes Lie, Peter Beaumont Morice, John 
Edwar« < John Nickels, Roderic Timothy Pearse O’Shea, Willian James 
Redstone, Bernard Leslie Russell, Geoffrey Gordon Semark, James Charles Simpson, * 
John pate Stafford, George Gordon Stuart, Brendan Patrick Thompson, Jeffrey 
Tinkler, Roland James Van Haefton, David Worth Wall, John Strange Wilson. 


Companion 


Ernest William Lucy. 


ACKNOWLEDGEMENTS 


The Council acknowledge with grateful thanks a second gift of books from Makes 
B. W. shilson, Fellow, and back numbers, of the JourNaL from P. A. R. Bremridge, 
Associate, and A. Jardine, Associate Fellow. 
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ADDITIONS TO THE LIBRARY 


Pamphlets in italics with location reference following in brackets. Books marked 
* or ** may not be taken out on Joan. 


A.b.81—Sailing Craft. E. J. Schoettle. Macmillan. 1946. 


E.f.116—Maintenance Schedule for twin-engined aircraft. Society of Licensed 
Aircraft Engineers. 1949. 
F.b.44—Fuels and Lubricating Oils. B. Pugh and J. M. A. Court. Pitman. 1949, 


F.c.30—Lubrication Systems for High Altitude Aircraft. P. H. Schweitzer and 
D. J. Gildea. Pennsylvania State College. 1948. 
G.a.84—Problems in Strength of Materials. S. Timoshenko and G. H. McCullough. 
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The copper cylinder, pressure 
tested to a high safety factor, 
forms the basis of our fire pro- 
tection system . . . and Graviner 
cylinders embodying more than 
a decade of specialised experience, 
have been developed to the 
highest standards of reliability 
and efficiency. Such intensive 
development, for instance, 
ensures that hand operated 
extinguishers can easily be re- 
moved, used and replaced with 
one hand... that the extinguisher 
is always ready for immediate use. | i Giana 
In the case of cylinders forming 
part of complete systems operated 
by crash or pyrotechnic switches, 
it ensures that the extinguishant 
flows only when it is required to 
that it then flows at very high 
speed. Full details of Graviner 


Extinguishers will gladly be 


supplied on request. 
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